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Type 


Type Number 
Power supply for 
internal circuits (V) 


Power supply for 
LCD Drive Circuit (V) 





Power 

Dissipation (mW) 

Operating 

Temperature (C) 

Memory ROM (bit) 
RAM (bit) 

LCD Driver Common 
Column | 

Instruction Set 

Operation 

Frequency (MHz) 

Duty 

Package 

Type 

Type Number 


Power supply for 
internal circuits (V) 


Power supply for 


- LCD Drive Circuit (V) 


Power 

Dissipation (mW) 
Operating 

Temperature (°C) 

ROM (bit) 
RAM (bit) 


Memory 


LCD Driver Common 
Column 

Instruction Set 

Operation 

Frequency (MHz) 

Duty 


Package 


Quick Reference Guide | 


Column Driver 


HD44100H HD66100F HD61100A HD61200 HD61104 HD61104A HD66106F HD66107T 


Static-1/32 Static-1/16 Static-1/100 1/32-1/128 


FP-60 


5 


‘20 = 
40 (20) 80 
0.4 1 


FP-100 


5 
17 


5 


2.5 


FP-100 


Column Driver (RAM) 


HD44102CH HD61102 


5 


11 


5 


-20 to +75 


200x8 


50 
6 
0.28 


1/8,1/12, 
1/16,1/24, 
1/32 


FP-80 


5 
15.5 
5. 


-20 to +75 


512x8 


64 
7 
0.4 


Static-1/64 


FP-100 


5 


17 


5 





2.5 


FP-100 


5 5 5 5 

26 28 37 37 

10 10 15 25 

-20to +75 -20to +75 -20to+75 -20to +75 
80 80 160 

36S 


HD61202 
— 


17 
5 


-20 to +75 


512x8 


64 
7 
0.4 . 


1/48,1/64, 
1/96,1/128 


FP-100 


FP-100 


FP-100 
TFP-100 


HD66108T 
5 


15 
5 


-20 to +75 


165x65 


0~65 
100~165 
7 

4 


1/32,1/34, 
1/36,1/48, 
1/50,1/64, 
1/66 

208pin TCP 


* 1 -40 to +85°C (Special request). Please contact Hitachi agents. 


* 2 -20 to +75°C in 12 MHz Version, 


* 3 Under development 


HITACHI 
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FP-100 


1/64-1/200 1/64-1/240 1/100-1/480 1/100-1/480 


192pin TCP 


Column Driver (TFT) 


HD66300T 
5 


15 


160 


—20 to +75 


120 


4.8 


156pin TCP 


-20 to +65°C in 15 MHz Version. 


HD66310T 
5 


23 
100 


~20 to +75*2 
(-20 to +65) 


160 


12/15 


236pin TCP 





Quick Reference Guide 





Type Segment Display 
Type Number HD61602 HD61603 HD61604 HD61605 
Power supply for 3 to 5 3 to 5 3 to 5 3 to 5 
internal circuits (V) 
Power supply for 5 5 5 - § 
LCD Drive Circuit (V) 
Power _ 0.5 0.5 0.5 0.5 
Dissipation (mW) 
Operating —20 to +75*! —20 to +75*! —20 to +75*! —20 to +75*! 
Temperature (°C) 
Memory ROM (bit) — _ _ _ 
RAM (bit) 204 64 204 64 
LCD Driver Common 4 . 1 4 1 
Column 51 64 51 64 
‘Instruction Set 4 4 4 4 
Operation 0.52 0.52 0.52 0.52 
Frequency (MHz) . | 
Duty Static, 1/2, Static Static, 1/2, Static 
1/3,1/4 1/3,1/4 
Package _ FP-80, FP-80 FP-80 FP-80 
FP-80A 
TFP-80 *2 


* 1-40 to +85°C (Special request). Please contact Hitachi agents. 
* 2 Under development 


Type 


Type Number 
Power supply for 
internal circuits (V) 
Power supply for 
LCD Drive Circuit (V) 
Power 

Dissipation (mW) 


Operating . 

Temperature ( °C) 

Memory ROM (bit) 
RAM (bit) 

LCD Driver Common 
Column 

Instruction Set 

Operation 

- Frequency (MHz) 
Duty 
Package 


Common Driver 


HD44103CH HD44105H HD61103A HD61203 HD61105 HD61105A 


5 5 5 5 5 5 
11 11 17. 17 26 28 
4.4 4.4 5 5 an: 5 


-20to +75 -20to +75 -20to +75 -20to +75 -20to +75 -20to +75 


20 32 64 64 80 80 

1 1 2.5 2.5 0.1 0.1 

1/8,1/12, 1/8,1/12, Static-1/10, 1/32-1/128 1/64-1/200 1/64-1/240 

1/16,1/24,1/32,1/48 1/64 | 

1/32 

FP-60 FP-60  FP-100 _- FP-100 ~—SFP-100 ~—_—=&FP-100 
TFP-100 


* 1-40 to +85°C (Special request). Please contact Hitachi agents. 
* 2 Under development | 
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- Type 


Type Number 
Power supply for 
internal circuits (V) 
Power supply for 
LCD Drive Circuit (V) 
Power 

Dissipation (mW) 


Operating 

Temperature (°C) 

Memory ROM (bit) 
RAM (bit) 

LCD Driver Common 
Column 

Instruction Set 

Operation 

Frequency (MHz) 

Duty 

Package 


Character Display 


Quick Reference Guide 


HD43160AH (LCD-I1) 


5 


10 


-20 to +75 


6420 
80x8 


6 


0.25/0.375 0.25 


1/8,1/12, 
1/16 


FP-54 


Graphic Display 

HD44780 HD66780 | 

(LCD-11IA) HD61830 HD61830B8 
5 5 5 5 
11 5 - _ 
2 2 30 50 
-20 to +75*1 -20to+75 -20to +75 -20to +75*! 
7200 12000 7360 7360 
80x8, 80x8, - - 
64x8 64x8 
16 16 - - 
40 40 - - 
11 11 12 12 

0.25 1.1 2.4 
1/8,1/11, 1/8,1/11, Static Static 
1/16 1/16 1/128 1/128 
FP-80,  FP-80A FP-60 FP-60 
FP-80A FP-80B 
TFP-80*2 


* 1-40 to +85°C (Special request). Please contact Hitachi agents. 
* 2 Under development 


Hitachi America, Ltd. « Hitachi Plaza 2000 Si 
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HDG63G646F 
HDG64645F 
HDG4646FS 
LCTC 


50 


~20 to +75 


15 
10 


Static - 
1/512 


F P-80 ’ 
FP-80B 





HD66840F 
HD66841F HD66850 
LVIC CLINE 

5 5 

250 500 

-20 to +75 -20 to +75 
- 9762 
16/24 63 

30 32 

Static 1/480 
1/1024 

FP-100A FP-136 





Type 
HD43160AH 
HD44100H 
~HD44102CH 
HD44103CH 
HD44105H 
HD44780 LCD-II 
HD6110A 
HD61102 
HD61103A 
HD61104 
HD61104A 
HD61105 
HD61105A 
HD61200 
HD61202 
HD61203 
HD61602 
HD61603 
HD61604 
HD61605 
HD61830 LCTC 
HD61830B LCTC 
HD63645F LCTC 
HD64645F LCTC 
HD64646FS LCTC 
HD66100F 
HD66106F 
HD66107T 
HD66108T 
HD66110T 
HD66204 
HD66205 
HD66214T 
HD66214TL 
HD66300T 
HD66310T 
HD66702 LCD-II 
HD66780 LCD-IIA 
HD66840F LVIC 
HD66841F LVIC-II 
HD66850F CLINE 


Type Number Order 


Function 
LCD Controller 


-LCD Driver with 40 Channel Output 


LCD Column Driver with 50 Channel Output 
LCD Common Driver with 20 Channel Output 
LCD Common Driver with 32 Channel Output 
LCD Controller/Driver 

LCD Column Driver with 80 Channel Output 
LCD Column Driver with 64 Channel Output 
LCD Common Driver with 64 Channel Output 
LCD Column Driver with 80 Channel! Output 
LCD Column Driver with 80 Channel Output 
LCD Common Driver with 80 Channel Output 
LCD Common Driver with 80 Channel Output 
LCD Column Driver with 80 Channel Output 
LCD Column Driver with 64 Channel Output 
LCD Common Driver with 64 Channel Output 
Segment Display Type LCD Driver 

Segment Display Type LCD Driver 

Segment Display Type LCD Driver 

Segment Display Type LCD Driver 


~ LCD Timing Controller 


LCD Timing Controller 

LCD Timing Controller 

LCD Timing Controller 

LCD Timing Controller 

LCD Driver with 80 Channel Output 

LCD Column/Common Driver with 80 Channel Output 
LCD Column/Common Driver. with 160 Channel Output 
Graphic LCD Controller/Driver - 

Column Driver 


_ LCD Column Driver with 80 Channel Output 


LCD Common Driver with 80 Channel Output 
Micro-TAB 80-Channel Column Driver 

Micro-TAB 80-Channel Column Driver 

TFT Alalog Column Driver 

TFT Digital Column Driver 

Dot Matrix Liquid Crystal Display Controller and Driver 
LCD Controller/Driver 

LCD Video Interface Controller 

LCD Video Interface Controller 

Color LCD Interface Engine 


HITACHI 


Reference Page 

~ 100 
77 
216 
239 
247 
114 
256 
268 
296 
320 
320 
332 
332 
350 
363 
394 
778 
778 
807 
807 
413 
443 
466 
466 
506 
87 
516 
531 
551 
916 
931 
945 
959 
959 
833 
894 
975 
167 
604 
652 
708 
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IHOWLIH 


Driver Output HD66108T 












160 
80 
HD61603 
| HD61102 I | 
Controller/Driver HD61604+ 60. 

HD44780 -—- 

(LCD- II) 
40 

HD66780 

(LCD-II A) 
20 

Static 
1/480 1/200 1/128 1/64 1/32 1/16 1/8 1/8 1/16 1/32 1/64 1/128 1/200 1/480 
Duty 1/240 1/100 1/100 Duty 1/240 
| HD44103CH ! 20 | 
,—_HD4a105CH 32 
L40 HD44100H | 
HD61 103A | 60 
Pranonacl 
Rie ee HD61200 
HD66100F 
HD66205/ HD61105 |}—-——-—_—4HD61100A . 
HD61105A ,_/ 
eee HD61104 }———________ 
HD66106F HD66204/HD61104A 
HD66106F 
: pee 


Driver Output 


spIny5 uoHde/eS 


008-685 (SIP) * 6181L-S00PG WO ‘auegsiig » Amyq JUlOd BAIS OO0Z « BZRid IYDPUH » ‘py] ‘BoUeWy YORU} 


el 





Selection Guide 


Hitachi LCD Driver System 


Reference 
Type Figure 
TFT 
Full Color 


System 


STN 
Full Color 
System | 


HD66107T 
(Common 
Driver) 


HD66107T 
(Column 
Driver) 


Color 
LCD-TV 
System 


Ene 105 ee 


ee 


Ene 
Driver) 


HD66300T 
Ea 
Ea 


Video to 
LCD 
converter 


Display 23 -—— = 
System 
for CRT 
Compatible 


ico 
(Display 
system) 


HD61104 
{Column driver) 


Graphic 
Display HD61203 

LOVE 

Sper = [ae 

; Ld 

aan] OST 


HD61200. 


{Column driver) | - 


Graphic 
Display 
System 
(Bitmap) 


HD61203 (Common Driver) 
ay 


HD61202 
(Cotumn Driver) 


Character 
Display 
System 


HD44780 (Controller) peel 


HD66100F/ 


H044100H 
(Cotumm Driver) 


Segment - { 
Display 
System 


HD61602/HD61604 
Eas 250 














Screen 
Size (max) 


(800 x 3) x 520 
dots 


(720x 3) x 480 
dots 


720x480 dots 


720x512 dots 


640 x 400 dots 


Character 
80x16 
Graphic 
480x128 dots 


480 x 128 dots 


40 Charac- 
ters 

x2 Columns 
80 Charac- 
ters 

x1 Column 


25 Digits 
x1 Column 


HITACHI 


Lineup 
HD66310T(Drain) 
HD61105(Gate) 
HD66205(Gate) 


HD66850F(Controller) 
HD66107T 
(Column, Common) 


HD66300T (Drain) 
HD61 105(Gate) 
HD66205 (Gate) 


HD66840F, HD66841F 
HD66106F (Driver) 
HD66107T(Driver), 
HD61104(Column)/ 
61105(Common) 


‘HD66204(Column)/ 


66205(Common) 


HD63645F/64645F/ 
64646FS(Controller) 
HD61104(Column)/ 
61105(Common) 
HD66204(Column)/ 
66205(Common) 
HD66106F(Driver) 


HD61100A(Column), 
HD61830B(Controller) 
HD61200(Column) 
HD61103A(Common), 
HD61203(Common) 


HD44102CH(Column)/ 
61102(Column) 
HD44103CH(Common) 
HD61202(Column) 
HD44105H(Common)/ 
61103A(Common) 
HD61203(Common) 
HD66108T 
(Column/Common) 
HD44780(LCD- II ) 
(Controller/Driver) 
HD66780(LCD- 1 A) 
(Controller/Driver) 
HD44100H(Column) 
HD66100F(Column) 


HD61602 
(Controller/Driver) 
HD61604 
(Controller/Driver) 
HD61603 
(Controller/Driver) 
HD61605 
(Controller/Driver) 








Application 
Personal Com- 
puter 

Terminal Work- 
station 
Navigation Sys- 
tem 


Personal Com- 
puter 

Terminal 
Work-station 


LCD-TV 
Portable Video 


Personal Com- 
puter, Terminal, 
OHP 


Personal Com- 


‘puter, Word- 


processor, Ter- 
minal 


Laptop Computer, 
Facsimile, Telex, 
Copy machine 


Laptop Computer, 
Handy Word- 
processor, Toy 


Electrical Type- 
writer, Multifunc- 
tion Telephone, 
Handy Terminal 


ECR, Measure- 
ment System, 
Telephone 
Industrial Mea- 
surement System 


Hitachi America, Ltd. » Hitachi Plaza * 2000 Sierra Point EEN, ¢ Brisbane, CA 94005-1819 « (415) 589-8300 





Selection Guide 


Application 
Character and Graphic Display 


1 character=7 X 8 dot (15 < 7 dot + cursor) 





HD66100F 


HD44100H 


12 to 15 HD61200 (Column) + HD61203 (Common) 
| | HD61104 (Column) + HD61105 (Common) 
| HD66204 (Column) + HD66205 (Common) 


HD66106F, HD66107T 





Graphic Display 


HD61202 (Column) + HD61203 (Common) 


HD61104 (Column) + HD61105 (Common) 
HD66204 (Column) + HD66205 (Common) 


HD66106F, HD66107T 
Over 400 | 


Note: Applications on this page are only examples, and this combination of devices is not the best. 
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Differences Between Products 


1. HD66100F and HD44100H 


—_ -_ _HD66100F 





HD44100H 
LCD drive circuits 80 20x2 
Power supply for internal logic (V) 3 to 6 4.5 to 11 
Display duty | Static to 1/16 Static to 1/32 
Package 100 pin plastic OQFP 60 pin plastic OFP 


2. HD61100A and HD61200 


| HD61100A HD61200 
LCD drive circuits common _ ~ 
column 80 80 
Display duty static to 1/128 1/32 to 1/128 
Power supply for LCD drive circuits (V) Oto 17 8 to 17 
Power supply limits of LCD driver Vec to Vee shown in figures below 
_ Circuit voltage (no limit) 


Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through 
one of the terminals Y: to Yso is specified 


under the following conditions: 

Veco — Vez =17V 

V1L=V1R, V3L=V3R=Vec~—2/7 (Vec— Ver) 
V2L=V2R, V4L=V4R=Veet+2/7 (Vec— Ver) 


Terminal Y 
(¥; to Yeo) 





Figure 1 Resistance between Y ard V Terminals 


The following is a description of the range of . 


power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to V1IL= 
V1iR and V3L=V3R and negative voltage to 


pecan sete Vcc 
“" V1 (VIL=VIR) 
—-—- V3 (V3L=V3R) 


———--—=— V4(V4L=V4R) 


ia ae aa ere as ac V2 (V2L=V2R) 
V 


as EE 
Correlation between Driver 


Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 


Figure 2 Power Supply Voltage Range 


V2L=V2R and V4L=V4R within the AV ran- 
ge. This range allows stable impedance on 
driver output (Ron). Notice the AV depends 
on power supply voltage Vcc— VEe. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 


ae A SRY AS Ae, SRD RET SER SEE CRE ONY CUE MaNENlG MeN “ED mmm 





8 
Vec~ Vee (V) 
Correlation between Power 
Supply Voltage Voc Vee and “~V 
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3. HD66100F and HD61100A 


LCD driver circuits common 
column 


Power supply for LCD drive circuits (V) 


Display duty 

Operating frequency (MHz) 
Data fetch method 
Package 


4. HD61830 and HD61830B 


Oscillator 

Operating frequency (MHz) 
Display duty 

Programmable screen size (Max) 


Other 


Package Marking 


@) 361 


HD61830A00 


Differences Between Products 


- HD66100F 


80 

3 to 6 

static to 1/16 
1.0 MHz (max) 
Shift 

100 pin Plastic 
QFP (FP-100) 


HD61830 
Internal 

1.1 MHz 

static to 1/128 
64 x 240 dots 
(1/64 duty) 
pin 6:C 

pin 7:R 

pin 9:CPO 

® 


@ 361 


HD61830B00 





Figure 3 Package Marking 
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HD61100A 
80 

5.5 to 17.0 
static to 1/128 
2.5 MHz (max) 
Latch 


100 pin plastic QFP 
(FP-100) 


HD61830B 
External 

2.4 MHz 

static to 1/128 
128 x 480 dots 
(1/64 duty) 

pin 6:CE 

pin 7:0E 

pin 9:NC 

® 
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5. HD61102 and HD61202 


| | HD61102 HD61202 
Display duty _ | static to 1/64 | 1/32 to 1/64 | 
Recommended voltage between 4.5 to 15.5 | 8to17 . 
Vec and Vee (V) 7 , 
Power supply limits of LCD driver Vec to Vee (no limit) shown in following fig- 
circuits voltage | } -_ ures 
Pin 88 DY (output) , NC (no connection) 
Absolute maximum rating of Vee (V) -  Vee-17.0 to Vec— 19.0 to 

Vec+0.3 Vcc +0.3 


Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L and V4R) — 
when load current flows through one of the terminals Y;: to Yea is specified under the following 
conditions: 


Voc — Ver =15V 
V1L=V1R, V3L=V3R=Vec— 2/7. (Vcec— VE) 
V2L=V2R, V4L=V4R=Vee+2/7 (Vec— Vee) 


Terminal Y 


(Y; to Yea) 


V2L,V2R 





Figure 4 Resistance between Y and V Terminals 


The following is a description of the range of V2L=V2R and V4L=V4R within the AV ran- 
power supply voltage for liquid crystal dis- ge. This range allows stable impedance on 
play drives. Apply positive voltage to ViL= driver output (Ron). Notice that AV depends 
V1R and V3L=V3R and negative voltage to on power supply voltage Vcc— Vrs. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 


Vec 
~ V1I(V1L=V1R) ~ 
——- V3 (V3L=V3R) 


——————- V4(V4L=va4R) 
een ane ae V2 (V2L=V2R) 


Vee 
Correlation between Driver | 8 


Output Waveform and Power Vec— Veg (V) 
supply Voltages for Liquid Correlation between Power 
Crystal Display Drive Supply Voltage Vcc—Vee and AV 





Figure 5 Power Supply Voltage Range 
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6. HD61103A and HD61203 


HD61103A 


Recommended voltage between 4.5to 17 


Vec and Vee (V) : 


Power supply limits of LCD drive 
Circuits voltage 


Output terminal 


Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals X1 to X64. This value is 
specified under the following conditions: 


Vec to Vee (no limit) 


shown in following figure 4 


Differences Between Products 


HD61203 
8to 17 


shown in figures below 
shown in following figure 5 
Voc — Vee=17V 


V1L=V1R, V6L=V6R=Vec—1/7 (Vcc— Vee) 
V2L=V2R, V5L=V5R=Veet1/7 (Vec— Vez) 


Terminal Y 
(Y; to Ya) 





V2L,V2R 


Here is a description of the range of power 
supply voltage for liquid crystal display drive. 
Apply postive voltage to ViL=V1R and V6L= 
V6R and negative voltage to V2L=V2R and 


Vec 
V1 (VIL, =V1R) 
V6 (V6L=V6R) 


V5 (V5L=V5R) 


V2 (V2L=V2R) 
EE 


Figure 7 Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 


Figure 6 Resistance between Y and V Terminals 





V5L=V5R within the AV range. 
This range allows stable impedance on driver 


output (Ron). Notice that AV depends on 


power supply voltage Vcc— Vez. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 





Figure 8 Correlation between Power 
Supply Voltage Vcc—Vzz and 
AV 
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Differences Between Products 








Figure 9 HD61103A Output Termiral 


7. HD61602, HD61603, HD61604, and HD61605 


| | HD61602 HD61603 
Power supply (Vpp) 2.2~5.5V 2.2~5.5V 
Instruction word 8 bits x 2 4 bits x 4 
LCD power supply circuit Yes - 
Segment terminals 51 64 
Display size Static 6 digits + 3 marks 8 digits 
frame frequency 33Hz 33Hz 
(fosc=100 kHz) 1/2 duty 12 digits + 6 marks — 
65Hz . 
1/3 duty 17 digits ms 
208Hz 
1/4 duty 25 digits + 4 marks — 
7 223Hz 
HITACHI 


HD61604 


—4.5~5.5V 


8 bits x 2 
51 


6 digits + 3 marks 
98Hz 


VIL, VIR. 
V6L,V6R 


V5L,V5R 


V2L,V2R 





_ Figure 10 HD61203 Output Termiral 


HD61605 


. 4.5~5.5V 
4 bits x 4 


64 
8 digits 
98Hz 


12 digits + 6 marks — 


195Hz 
17 digits 
521Hz 


25 digits + 4:marks — 


781Hz 
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Differences Between Products 


8. HD44780 LCD-II and HD66780 LCD-II A 


item 

Display RAM 
(Maximum number of 
display characters) 
Character generator ROM 
(kinds of characters) 


Character generator RAM 
(Number of characters) 


LCD driving terminals 
(Maximum number of 
display characters/ 
unit) 


LCD- 11 (HD44780) 
80 bytes (80 characters) 


7200 bits 

192 characters 

5 x 7;160 characters 
5 x 10;32 characters 


64 bytes (8 characters) 


16 COMs 
40 SEGs 
(16 characters) 


LCD-1|A (HD66780) Note 


ee 


12000 bits 
240 characters 
5 x 10;240 Characters 


Multiplexing duty ratio ; - 


Character font 5x8 dots 
(with a cursor) 5x11 dots 
1/8, 1/11, 1/16 
*1LCD driving voltage 1/4 bias 3.0 to 11 (V) 
| , 1/5 bias 4.6 to 11 (V) 


waveform A 


Same as LCD- Il 
3.0 to Vec (V) 
3.0 to Vcc (V) 


Vec to Vs 


Shown follow- 


*1LCD driving waveform 


* Bus timing 


1, 1.5MHz 
11 instructions 


waveform B 
ing figures 
2MHz 


<——_—— 


Instruction codes i i 


Yes 


<_—_—_— 


Power-on reset circuit 


Oscillator 
(Frequency) 


Interface 


Ceramic filter, Rf, 
external clock 
(250 kHz) 


HD44100H 


<< - 


HD44100H or HD66100F 


Package 


Note: *1 


*2 Under development 


Common | et] ee | 
1 
| 


somo TUTTLE LL] 


Common-segment 





Figure 11 Waveform A (1/3 Duty, 1/3 


Bias) 


FP-80, FP-80A, TFP-80*2 


Indicates the modified items in LCD- IIA. 


HITACHI 





FP-80, FP-80A 


| 

| 
Common | \ 
| \ 
{ i 
\ { 
{ 
| | LS 


som} | LY 


Common-segment 


' 
1 
| ee? eet, 

ee ee 


Figure 12 Waveform B (1/3 Duty, 1/3 


Bias) 
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9. HD61104, HD61104A and HD66204 


LCD drive circuits © 
Data transfer rate (MHz) 


Power supply for LCD drive circuits (V) 


Display off function 


HD61104 HD61104A 
80 80 

3.5 3.5 

10 to 26 10 to 28 
No No 


10. HD61105, HD61105A and HD66205 


LCD drive circuits : 


Power supply for LCD drive circuits (V) 


Display off function 


11. HD66106F and HD61104 


LCD drive circuits voltage 

Display Duty 

Operating frequency (MHz) 
- Function 


12. HD66106F and HD66107T 


HD61105 


HD61105A 
80 80 
10 to 26 10 to 28 
No | No 
HD66106F 


+14 to +35 (Vicp-GND) | 
1/100 to 1/400 

6.0 MHz 

column and common driver 


HD66204 
80 

8 

10 to 28 
Yes 


HD66205 
80 

10 to 28 
Yes 


HD61104 

-10 to -26 (Vcc-Vee) 
1/64 to 1/200 

3.5 MHz 

column driver 





HD66106F HD66107T 
LCD drive circuits  80- 160 
Data transfer 4-bits 4-bits/8-bits 
Operating frequency (MHz) 6 8 
Power supply for LCD drive circuits 14 to 37 14 to 37 
Packge 100-pin plastic 192-pin TAB 
| QFP (FP-100A) 
13. HD63645F, HD64645F and HD64646FS 
HDG63645F HDG64645F HD64646FS 
CPU interface 68 family 80 family 80 family 
Package 80-pin plastic 80-pin plastic 80-pin plastic 
| . QFP (FP-80) QFP (FP-80) QFP (FP-80A) 
Other oe = HD64646 has another LCD 
drive interface in HD64645 
14. HD66840F and HD66841F 
HDG66840F HD66841F 
Frame-based thinning control Each line Each dot and each line 
Display mode 16 Single screen Dual screen 


Gray-scale palette 
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Both sides X/Y driver 
Horizontal stripe 


No 
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One sides X/Y driver 
Vertical stripe 


8 registers 
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Section Two 


General Information II 
¢ TCP (Tape Carrier Package) — 
¢ Package Information _ 
¢ Reliability and Quality Assurance 
e Reliability Test Data of LCD Drivers 
e Flat Plastic Package (QFP) Mounting Methods 
e Liquid Crystal Driving Methods 
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TCP (Tape Carrier Package) 


1 Overview | 
Hitachi is developing TCP-applied LCD driver LSIs in response to the following situation. 


Because LCDs are improving yearly, they have become second only to CRTs in terms of screen 
_ size and display quality. At the same time, LCD driver LSIs have also been improving in terms of 
voltage-resistivity and the number of pins. 


At present, LCD screens with a maximum of 640x480 dots has been put into practical use, 
matching the size of conventional high-definition CRT display screens. Availability of this screen 
size promotes the development and improvement of new application fields such as laptop personal 
computers, portable word processors, and the like. 


In the light of the above, higher performance has been demanded of LCD driver LSIs, especially 
in regards to LCD driving voltage, operating speed, and the number of pins. In fact, certain 
manufacturers of portable devices employing LCDs demand 1-mm-thick packages having a 
relatively large number of pins. 


TCP packages have the advantages of being able to allow extra thin mounting and less restricted 
design of connecting leads, while in contrast, conventional packages utilizing wire bonding 
methods such as QFP require a relatively large area for board mounting, thus preventing thin and 
high-density mounting. 


TCP packaging i is also called “film carrier" since the wiring yattern for each rodent 1S formed 
continuously on a film-base tape. | 


TCP features are listed below. 


¢ Great reduction in mounting size 
¢ Increased number of pins for LSI devices 
¢ Power-on burn-in possible 


* TCP (Tape Carrier Package) 
Photograph 1 shows the TCP tape exterior and figure 1 shows TCP structure. 


Copper leaf 


Solder resist Molding agent 





Photograph 1 TCP Exterior | Figure 1 TCP Structure (Cross Section) 
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TCP 


1.1 Bump Formation 


Although LSI electrodes and package leads are wired with Au-wire bonding for QFP, Au bumps 
formed on LSI electrodes (Al pads) and inner leads prefabricated on tape are thermo-compressed 
and bonded together for TCP. This method is called “inner-lead bonding" or ILB for short. 


Figure 2 shows the sequence for Au bump formation. 


A 7 << 
Final passivation OOTITITILALLL LLL LLL ed 


Through-hole formation 


UBM* deposition 


Bump photo-resist formation 


Au plating 


pe rene gn 
—prrTDTT ENN 


UBM etching *UBM: Under-bump metal 


Figure 2 Au Bump Formation 
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1.2 Reliability Test Data 


The result of the reliability test on TCP products are shown in table 1 through 3. 


_ Table 1 HD66107T Reliability Test Result 


Test item Test condition 
Operation at high Ta=125°C, Voc=5.5 V 

- temperature t=1000 h 
Standing at high Ta=125°C, t=1000 h 
temperature 
Standing at low Ta=-55'C, t=1000 h 
temperature 
Standing at high Ta=65'C, RH=95%, 
temperature | t=1000 h 
PCT Ta=121°C, RH=100%, t=60 h 
Temperature cycle —40° to 85°C, 200 cycles 
Thermal shock 0° to 100°C, 15 cycles 


Solder heat resistance 260°C, 10s 





Table 2 HD6110ST Reliability Test Result 


Test item | Test condition 
Operation athigh = Ta=125°C, Voo=5.5 V 
temperature t=1000 h 

_ Standing at high Ta=125'C, t=1000 h 
temperature | 
Standing at low Ta=—55°C, t=1000 h 
temperature 
Standing at high Ta=65°C, RH=95%, 
temperature t=1000 h > 
PCT Ta=121°C, RH=100%, t=60 h 
Temperature cycle —40° to 85°C, 200 cycles 
Thermal shock 0°C to 100°C, 15 cycles 


Solder heat resistance 260°C, 10s 





HITACHI 


Result 


0/32 


0/22 


0/22 


0/45 


0/22 
0/45 
0/22 
0/22 


Result 
0/32 


0/22 


0/22 


0/45 


0/22 
0/45 
0/22 


0/22 


Remarks 


Only lead dipped 


Remarks 


Only lead dipped 
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Table 3 Common Reliability Test Results of TCP 











Test item Test condition : Result Remarks 
Solderability 230°C, 5s, Rosin flux 0/11 
Solvent resistance Isopropylalcohol, dipping for —- 0/11 
| 10min. 
Salt spray 5% NaCl aqueous solution, 0/22 
35°C, t=24h 
Tensile strength of 2.5 kg/mmz2, 10s, 1 cycle 0/11 Input lead only 
terminal | | : / 
HITACHI 
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2 Standard Product Specifications 
2.1 Tape Design and Structure 
(1) Tape components | 


Inner lead 


Renee 
S55 
5054 


Lead (inner lead to outer 
lead transition area) 
Tape hole 


r Pyare sre x Oa any 
is $ 
: ‘ s , 
‘ : : 
7 : 
. 7 Py 
‘ ry Sat CRIA SIRS nota inh oat 
* 
’ 
= wdoJuape ~ eae = ee ae 
- © —e we LA Pad Pad Lm) we LA rs 
iZ5 Me Me oe ote ote Me S25 fs fe af 


Polo ooo ho ob oe oo Sulenieee 


|] User pattern area Perforated hole 





Figure 3 Tape Components 


(2) Hitachi standard TCP product structure 


Hitachi can provide the standard TCP products listed in table 4 immediately. Figures 4 to 11 show 
the structure of each TCP product. 


Table 4 Hitachi Standard TCP Product Specifications 
No. of | Outer Lead Product th 





No. Product Base Chip Function outputs Pitch (um) —_ Length’ hickness 
1 HD61104T02 HD61104 | Column 80 300 6 125 
| LCD driver | 
2 HD61105T02 HD61105 Common 80 300 «66 . 125 
| LCD driver | 

3 HD66107T0O HD66107 LCD driver 160 280 12 75 

4  HD66107TO1 80 ——-280 12 75 

5 HD66107T11** : . 160 180 8 75 

6 | HDe6107T12"* | 460 250 10 75 

7 HD66108T00 HD66108 Graphic 165 400 8 75 
| LCD driver 7 

8 HD66300T00 HD66300 TFT analog 120 300 10 75 

driver 

9 HD66310T00 HD66310 — He digital 160 180 8 15 

) river 





*: Number of perforations 
**: Under development 
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14. 2540.1 14,2540. 1 


lower hole oftset 1540.05 
= _ 1 oe 
is Wi ines 0, 68 i \\N } 
iil I 
“4 0.30+ 0.08 at 
ul 0.13 6.05 nil 
| iH i 13, 2540.2 Hi | ja 
i | I t 7 
. | 1 | I) i) 
Copper 


1.98) £0.05) 4_ a9 2401 


26. 99626.) 


Sea eresisleiiaial 


- — tom ee 
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D-D’ Cross-Sectional View 


Notes: 1. Mark shell be stamped on potting resin. 
2. Dimensional tolerances are 0.1 mm 


0. 130. 05 


- Figure 4 Hitachi Standard TCP 1 —HD61104T02 - 
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30 


14, 2540.1 | 16, 2540.1 









+0.04 Upper and 
tower hole offset 4.7540. 06 


x 4 


0.1340, 05 TT 


MIATA) sxenns sx lll 
il ea | ane 


ww 













+f 


26. 99640. 1 
34. $75 5 


MIE et 
ae 244 


Bs 





Center line Y 


Molding material 





Notes: 1. Mark shall be stamped on potting resin. 
2. Dimensional tolerances are +O. imm 
unless otherwise noted. 
3. The figure below shows a cross-sectional 
view of the outer fead bonding area. 


Copper leaf 
Adhesive agent 


Film 


0.13£0.05 Units: mm 


Figure 5 Hitachi Standard TCP 2 - HD61105T02 - 
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TCP 


0. 28P x 165 46.226. 68 


34.9752§-4 


Fanaa gn 


Wie ie: Sa 
Ah 


Notes: 1. Mark shal be stamped on porting 
2. Dimensional tolerances 


0.13% 0.64 





Figure 6 Hitachi Standard TCP3 -HD66107T00 - 
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6. 28Px85_ 23. 8 0. OF 


TAHT TUTTI AAT TI ai 
Os EEL 
BB) 


LE Nee 


Tien 


Notes: 1. Mark shell be stamped on potting resin. 
2. Dimensional tolerences are £0.1 mm 


untegs otherwise noted. 
3. The figure Gelow shows @ cross-sectional 
view of the outer leed bonding area. 


Copper leaf 
Adhesive agent 


0.13% 0.04 





Figure 7 Hitachi Standard TCP 4 —HD66107TO1 -— 
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Figure 8 Hitachi Standard TCP5 —HD66107T11 - 
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"Figure 9 Hitachi Standard TCP 6 —HD66107T12 -— 
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Figure 10 Hitachi Standard TCP 7 —HD66108T00 - 
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M0 13.+0.05-GHiy 
f (pattern bottom i 


26. 99648. 1 
34. 97540, 2 


{21.5 User pattern area) 


a ai i 


Deere (0.0PX38) 30. 440.1 | : 


(4, 75P X10 = 47, §) 


Molding material 
Copper teat 


Notes: 1. Mark shail be stamped on potting resin. : 
2. Dimensional tolerances are +0.1 mm 
untess otherwise noted. 
3. The figure below shows 8 cross-sectional 
view of the outer lead bonding area. 


Copper leaf 
Adhesive agent 


0. 13£0. 05 





Figure 11 Hitachi Standard TCP 8 -HD66300T00 - — 
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Notes: 1. Tolerances are +0.1 uniess otherwise indicated. 
2. The lead cross section of outer lead contact sections is as shown below. 





Figure 12 Hitachi Standard TCP 9 —HD66310T00 - 
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2.2 Product Delivery Specifications | 
Specifications for product delivery to customers is described below. 
2.2.1 Tape Joint (Including Lead Tape Joint) | 


_ TCP tape is cut into strips for aging and other purposes, after which they are again joined together. | 
Joint specifications are given below (figure 13). | 


oood 00goqqaqo0g 


[User |User 
pattern | jpattern | 


Jogooovao0oooo)g 


Joint tapes 


| | 3.35, 6.0 or 12.2 mm Units: mm 


Joint tape is affixed to both top and bottom surfaces of the joint. The 
joint must not be twisted or subjected to a large stresses. 





Figure 13 Tape Joint 
2.2.2 Mark 


Hitachi control code, made up of three or six digits, is marked on potting resin as shown in figure 
14. The HD66108TO00 is marked on top of the solder resist. 


Die center 


Molding area 





Figure 14 Mark Pattern 
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2.2.3 Packing 





Antistatic sheet 











Separator 
Conductive tape 
Carrier tape 






Figure 15 Packing 
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(1) Delivery 
A reel wound with carrier tape is sealed in an opaque antistatic ee with N2 and saceed into a 
carton before delivery. | 
(2) Tape 
| I. Carrier tape: 40m 
II. Lead tape: 2+0/-1 7 added to both ends of the carrier tape 


II. Conductive tape: 40 m 
IV. Separator: 40m 
V. Tape is wound with its pattern surface on the inside. 


Note: The length of I, III, and IV may vary slightly pepending on the number of products 
contained on the tape. 


(3) Request for Recovery of Packing Material 
Please return the separator, lead tape, and reel to us after using the TCP product. 


Detailed return procedures will be advised by our Sales Department. 
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(3) Reel 





~ 
oS 
+1 
-H 
ud 
~ 
3S 


Note: The shaft hole of the reel is slightly greater than the specified shaft size. 


Unit: mm 
Material: Styrole 


Figure 16 Reel Dimensions 


Note: LSIs dtermined defective during classification, assembly, or other processes are punched 
out. 
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2.2.4 Storage Conditions 


_. (1) When storing in the original packing 


Store in normal atmospheric conditions, and use within 6 months of delivery. 

(2) Storage after opening 

Storage in a nitrogen atmosphere with a dew point of —30°C or below is recommended. 
2.2.5 Usage Notes for TCP Products 

(1) Prevention of Static Damage 


In addition to normal static preventive measures for IC circuits, observe the following precautions 
for TCP products. 


¢ Since TCP products have a film layer on their base, they acquire a static charge easily. In 
handling TCP products exert extra caution in the installation of ion Pees and grounding so 
that the film does not become charged. . 


_* At the same time as handling the circuits in a manner such that static electricity is not applied to 


the package leads, carry out static electricity damage prevention measures in the ealupmnent 
especially in the parts of the tape guide which contact the lead pins. 


(2) Lead Outer Coating 


The lead spacing of TCP products is significantly narrower than that of other products and 
shorting problems are more easily caused by conductive foreign elements such as stray solder or 
machinings. We recommend an outer coating of resin over the leads as a preventive measure. 


Also, to enable TCP products to be mounted at a high density, a conductive foil is bonded to the 
film, and wiring and leads are formed by precision manufacturing techniques. Therefore, it is — 
possible that contamination of the foil with, for example, solder flux, may result in corrosion and 
broken connections. Thus, special care should be taken to avoid wiring and lead contamination _ 
when mounting TCP products by soldering or other methods. 


(3) Mechanical and Electrical Handling 


To reduce thickness, the back surface of the chip is exposed in TCP products. To prevent chip 


cracking or static damage, mount TCP products in a manner which results in no mechanical or 
electrical contact with the back surface of the chip. 


= Since the wiring and leads on the TCP tape is fabricated from eneas thin copper foil, its 
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mechanical strength is reduced. Mounting techniques and structures which apply strong external 
forces to the copper foil should be avoided. 


Also, to assure electrical characteristics, avoid direct exposure to sunlight. 
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(4) Unpacking 


¢ The copper foil is plated. To assure good solderability, use the products as soon after unpacking 
as possible. 


¢ Since TCP products use polyimide as their base film, the film expands when it absorbs 
moisture. Although the packaging is moisture proof, TCP products should be used as soon after 
opening as possible. 


(5) Other Items 


We recommend the use of the sprocket holes in the stamped product parts in positioning TCP 
products during individual punching. 





Since lead tape has a poor ability to withstand heat, and shrinks when heated, do not apply high 
temperatures to the lead tape. 


Bending TCP products can introduce cracks in the solder resist. Care should be taken to avoid 
bending when handling TCP products. 


When stacking TCP product boxes (the original packaging) for storage, do not stack more than 
10 high. 


Do not apply large mechanical shocks to TCP product packaging. 
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Package Information 


The Hitachi LCD driver devices use plastic 
flat packages to reduce the size of the 


Package Dimensions‘ 
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Reliability and Quality Assurance 


1. Views on Quality and Reliability 


Hitachi's basic quality aims are to meet indi- 
vidual user's purchase purpose and quality 
required, and to be at a satisfactory quality 
level considering general marketability. 
Quality required by users is specifically clear 
if the contract specification is provided. If not, 
quality required is not always definite. In 
both cases, Hitachi tries to assure reliability 
so that semiconductor devices delivered can 
perform their function in actual operating 
circumstances. To realize this quality in the 
manufacturing process, the key points should 
be to establish a quality control system in the 
process and to enhance the quality ethic. 
In addition, quality required by users of 
semiconductor devices is going toward 
higher levels as performance of electronic 
system in the market is increasing and 
expanding in size and application fields. To 
cover the situation, Hitachi is performing the 
following: 
1. Building in reliability in design at the stage 
of new product development. 
2. Buliding in quality at the sources of the 
manufacturing process. 
3. Executing stricter inspection and reliabil- 
ity confirmation of final products. 
4. Making quality levels higher with field 
data feedback. 
5. Cooperating with research laboratories for 
higher quality and reliability. 
With the views and methods mentioned 
above, utmost efforts are made to meet users’ 
requirements. 


2. Reliability Design of Semiconductor 
Devices 


2.1 Reliability Targets 


The reliability target is the important factor 
in manufacture and sales as well as perfor- 
mance and price. It is not practical to rate 
reliability targets with failure rates under 
certain common test conditions. The reliabil- 
ity target is determined corresponding to the 
character of equipment taking design, man- 
ufacture, inner process quality control, 
screening and test method, etc. into consid- 
eration, and considering the operating cir- 
cumstances of equipment the semiconductor 
device is used in, reliability target of the 
system, derating applied in design, operating 
condition, maintenance, etc. 


2.2 Reliability Design 


To achieve the reliability required based on 
reliability targets, timely study and execution 


of design standardization, device design (in- 
cluding process design, structure design), 
design review, reliability test are essential. 


2.2.1 Design Standardization 


Establishment of design rules, and standard- 
ization of parts, material and process are 
necessary. To establish design rules, critical 
quality and reliability items are always stud- 
ied at circuit design, device design, layout 
design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability 
risk is extremely small even in newly devel- 
oped devices, except in cases where special 
functions are needed. 


2.2.2 Device Design 


It is important in device design to consider 
the total balance of process design, structure 
design, circuit and layout design. Especially 
when new processes and new materials are 
employed, careful technical study is executed — 
prior to device development. 


2.2.3 Reliability Evaluation by Test Site 


Test site is sometimes called test pattern. It is 
a useful method for design and process reli- 
ability evaluation of ICs and LSIs which have 
complicated functions. 


Purposes of test site are: 

- Making fundamental failure mode clear 

- Analysis of relation between failure mode 
and manufacturing process condition 

- Search for failure mechanism analysis 

- Establishment of QC point in manufactur- 
ing 

Evaluation by test site is effective because: 

-Common fundamental failure mode and 
failure machanism in devices can be 
evaluated. | 

- Factors dominating failure mode can be 
picked up, and comparison can be made 
with processes that have been experienced 
in field. | 

- Relation between failure causes and man- 
ufacturing factors can be analyzed. 

- Easy to run tests. 

: Etc. 


2.3 Design Review 


Design review is an organized method to 
confirm that a design satisfies the required 
performance (including users’) and that 
design work follows the specified methods, 
and whether or not improved technical items 
accumulated in test data of individual major 
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fields and field data are effectively built in. In 


addition, from the standpoint of enhance- 

ment of the competitive power of products, 

the major purpose of the design review is to 
ensure quality and reliability of the products. 

In Hitachi, design reviews are performed 

from the planning stage for new products 

and even for design changed products. Items 
discussed and determined at design review 
are as follows: 

1. Description of the products based on 

. specified design documents. 

2. From the standpoint of the specialties of 
individual participants, design documents 
are studied, and if unclear matter is found, 
calculation, experiments, investigation, 

| etc. will be carried out. 

3. Determine contents of reliability and 
methods, etc. based on design documents 
and drawings. 

4. Check process ability of manufacturing 

line to achieve design goal. 

. Discussion about preparation for produc- 
tion. 

. Planning and execution of subprograms 
for design changes proposed by individual 
specialists, and for tests, experiments and 
calculation to confirm the design changes. 

7. Reference of past failure experiences with 

similar devices, confirmation of methods to 


ol 


0) 


prevent them, and planning and execution — 


of test programs for confirmation of them. 


These studies and decisions are made. 


using check lists made individually de- 
pending on the objects. 


W 


. Quality Assurance System of Semi- 
conductor Devices 


3.1 Activity of Quality Assurance 


General views of overall quality assurance in 

Hitachi are: 

1. Problems in an individual process should 
be solved in the process. Therefore, at final 
product stage, the potential failure factors 
have been already removed. 

. Feedback of information should be used to 
ensure satisfactory level of process capa- 
bility. 

. To assure required reliability as a result of 
the items mentioned above is the purpose 
of quality assurance. 

The following discusses device design, qual- 

ity approval at mass production, inner proc- 

ess quality control, product inspection and 
reliability tests. 


i) 


ie) 


3.2 Quality Approval — 


To ensure required quality and reliability, 
quality approval is carried out at the trial 


ao FF WW N 


production stage of device design and the | 

mass production stage based on reliability 

design as described in section 2. 

Hitachi's views on quality approval are: 

1. A third party must perform approval 
objectively from the standpoint of cus- 
tomers. | 

. Fully consider past failure experiences and 
information from the field. 

. Approval is needed for design change or 
work change. | 

. Intensive approval is executed on parts 
material and process. 

. Study process capability and variation 
factor, and set up control points at mass 
production stage. 

Considering the views mentioned above, 

figure 1 shows how quality approval is per- | 

formed. 


3.3 Quality and Reliability Control at 
Mass Production 


For quality assurance of products in mass 
production, quality control execution is 
divided organically by function between 
manufacturing department and quality 
assurance department, and other related 
departments. The total function flow is 
shown in figure 2. The main points are de- 
scribed below. 


3.3.1 Quality Control of Parts and Mate- 


rial 


As the performance and the reliability of 
semiconductor devices improve, the impor- 
tance of quality control of material and parts 
(crystal, lead frame, fine wire for wire bond- 
ing, package) to build products, and materials 


- needed in manufacturing process (mask pat- 


tern and chemicals) increases. Besides quality 
approval on parts and materials stated in 
section 3.2, the incoming inspection is also 
key in quality control of parts and materials. 
The incoming inspection is performed based 
on an incoming inspection specification, fol- 
lowing purchase specification and drawings, 
and sampling inspection is executed based 
mainly on MIL-STD-105D. 
The other activities of quality assurance are 
as follows: | 
1. Outside vendor technical information 
meeting a 
2. Approval on outside vendors, and guid- 
ance of outside vendors 
3. Physical chemical analysis and test 
The typical check points of parts and mate- 
rials are shown in table 1. 
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3.3.2 Inner Process Quality Control 


Inner process quality control performs a very 
important function in quality assurance of a 
semiconductor devices. The following is a 
description of control of semifinal products, 


manufacturing process is tightly executed: 
Strict check on each process and each lot, 
100% inspection to remove failure factor 
caused by manufacturing variation, and 
necessary screening, such as high tem- 
perature aging and temperature cycling. 


final products, manufacturing facilities, Contents of inner process quality control 
measuring equipments, circumstances and are: 

submaterials. The quality control in the - Condition control on individual equip- 
manufacturing process is shown in figure 3 ment and workers, and sampling check 
corresponding to the manufacturing process. of semifinal products. 

- Proposal and carrying-out of work 

improvement 

- Education of workers 

- Maintenance and improvement of yield 
- Detection of quality problems, and exe- 


1. Quality Control of Semifinal Products and 
Final Production Products 
Potential failure factors of semiconductor 
devices should be removed in manufac- 
turing process. To achieve this, check cution of countermeasures 
points are setup in each process, and - Transmission of information about qual- 
products that have potential failure factors ity 
are not transferred to the next process. For 
high reliability semiconductor devices, 
especially manufacturing line is carefully 
selected, and the quality control in the 





2. Quality Control of Manufacturing Facilities 
and Measuring Equipment | 
Equipment for manufacturing semicon- 





Step Contents 


Design Review 


Characteristics of Material 
and Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical! 

Electrical 

Others 


Purpose 


Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. (Mainly Electrical 
Characteristics) 

Confirmation of Quality 
and Reliability in Design 


i 
an _{ Materials, Parts | 
Production | Bid iahaba 


Electrical Characteristics 
Function 


| _Characteristics Approval __| 


Voltage 
Current 
Temperature 
Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 


L_Quality Approval (1) | 





| Quality Approval (2) | Reliability Test 
, -s Process Check (same as 


Quality Approval (1) ) 


Confirmation of Quality 
and Reliability in Mass 
Production 





Mass Production 





Figure 1 Quality Approval Flowchart 
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ductor devices have been developing 
extraordinarily, with required high per- 
formance devices and production in- 


provements. They are important factors to | 


determine quality and reliability. In Hita- 
chi, automation of manufacturing equip- 
ment is promoted to improve manufactur- 
ing variation, and controls maintain proper 
operation and function of high perfor- 


mance equipment. Maintenance inspec- 


tion for quality control is performed daily 
based on related specifications, and also 
periodical inspections. At the inspection, 
inspection points listed in the specification 
are checked one by one to avoid any om- 
issions. During adjustment and mainte- 
nance of measuring equipment, mainte- 


nance number and specifications are 
checked one by one to maintain and 
improve quality. 


. Quality Control of Manufacturing Circum- 


stances and Submaterials 

Quality and reliability of semiconductor 
devices is greatly affected by manufactur- 
ing process. Therefore, manufacturing cir- 
cumstances (temperature, humidity, dust) 
and the control of submaterials (gas, pure 
water) used in manufacturing process are 
intensively controlled. Dust control is de- 
scribed in more detail below. 

Dust control is essential to realize higher 
integration and higher reliability of 
devices. In Hitachi, maintenance and 
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Figure 2 Flowchart of Quality Control in Manufacturing Process 
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improvement of cleanness and manufac- 
turing site cleanness are executed paying 
close attention to buildings, facilities, air- 
conditioning systems, packaging mate- 
_ Yials, clothes, work, etc., and periodical 
inspection for floating dust in room, falling 
dust, and floor dust. | 


3.3.3 Final Product Inspection and Reli- 
ability Assurance 


1. Final Product Inspection 


Lot inspection is done by quality assur- 
ance department for products that were 
judged to be 100% good in tests, which is 





the final process in the manufacturing 
department. Though 100% good products 
is expected, sampling inspection is 
executed to prevent inclusion of failed 
products by mistake, etc. The inspection is 
executed not only to confirm that the 
products meet users’ requirements, but to 
consider potential trouble factors. Lot 
inspection is executed based on MIL-STD- 
105D. 


. Reliability Assurance Tests 


To assure reliability of semiconductor 
devices, periodical reliability tests and. 
reliability tests on individual manufactur- © 
ing lots required by user are performed. 





Table 1 Quality Control Check Points of Material and Parts 


(Example) 
Material, Parts — 
Wafer | 
Mask 


Fine wire for wire bond- 
ing ; 


Frame 


Ceramic package 


Plastic 


Important Control items 


Appearance 
Dimension 
Sheet resistance 
Defect density 
Crystal axis 


Appearance 
Dimension 
Registration 
Gradation 


Appearance 

Dimension 

Purity 

Elongation ratio 
Appearance 

Dimension 

Processing accuracy 
Plating 

Mounting characteristics 


Appearance 
Dimension 
Leak resistance 
Plating 


_ Mounting characteristics 


Electrical characteristics 
Mechanical strength 


Composition 


Electrical characteristics 
Thermal characteristics 
Molding performance 
Mounting characteristics 


Points to Check 

Damage and contamination on surface 
Flatness 

Resistance 

Defect numbers 


Defect numbers, scratch 
Dimension level 


Uniformity of gradation 
Contamination, scratch, bend, twist 


~ Purity level 
Mechanical strength 
Contamination, scratch 
Dimension level 


Bondability, solderability 
Heat resistance 
Contamination, scratch 
Dimension level 
Airtightness 

Bondability, solderability 
Heat resistance 


Mechanical strength 
Characteristics of plastic material 


Molding performance 
Mounting characteristics 
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Process 


Purchase of material 


Wafer 
Surface oxidation Oxidation 
Inspection of surface 
oxidation 
Photo resist Photo 
' resist 
inspection of photo resist 
PQC level check 
Diffusion Diffusion 
Inspection of diffusion 
PQC level check 
Evaporation Evaporation 
Inspection of evaporation 
PQC level check 
Wafer inspection Wafer 
Inspection of chip Chip 
electrical characteristics 
Chip scribe 
Inspection of chip 
appearance 
PQC lot judgement 
Assembling Assembling 
PQC level check 
Inspection after assemblin 
PQC lot judgement 
Sealing . Sealing 
PQC level check’ Marking 


Final electrical inspection 


Failure analysis - 


Appearance inspection 


Sampling inspection of 


products 


Receiving. 


Shipment 
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Control point 
Characteristics, Appearance 


Appearance, Thickness of 
oxide film 


Dimension, Appearance 


Diffusion depth, Sheet 
resistance 


Gate width 
Characteristics of oxide 
film, Breakdown voltage 


Thickness of vapor film, 
Scratch, Contamination 


Thickness, VrH characteris- 
tics 


Electrical characteristics 


Appearance of chip 


Appearance after chip 
bonding 

Appearance after wire 
bonding 

Pull strength, Compression 
width, Shear strength 


Appearance after assembling 


Appearance after sealing 
Outline, Dimension 


Marking strength 


Analysis of failures, Failure 
mode, Mechanism 
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Purpose of control 


Scratch, removal of crystal 
defect wafer 


Assurance of resistance 


Pinhole, Scratch 


Dimension level 
Check of photo resist 


Diffusion status 


Control of basic parameters, 
(VrH, etc.) cleanness of surface 
Prior check of VrH 

Breakdown voltage check 


Assurance of standard 
thickness 


Prevention of cracks, 
Quality assurance of scribe 


Quality check of chip 
Bonding 

Quality check of wire 
Bonding 

Prevention of open and 
short 


Guarantee of appearance 
and dimension 


Feedback of analysis infor- 
mation 


Figure 3 Example of Inner Process Quality Control 
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Customer 


Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 


Failure Analysis 


Countermeasure, 
Execution of 
Countermeasure 


uali surance Dept. : 
Quality: Agsura P Follow-up and Confirm- 
ation of Countermeasure 


Execution 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
J 


Sales Engineering Dept. 


Reply 


Customer 


Figure 4 Process Flowchart of Field Failure 
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Reliability Test Data of LCD Drivers 


1. Introduction 


The use of liquid crystal displays with micro- 
computer application systems has been 
increasing, because of their low power con- 
sumption, freedom in display pattern design, 
and thin shape. Low power consumption and 
high density packaging have been achieved 
through the use of the CMOS process and the 
flat plastic packages, respectively. 

This chapter describes reliability and quality 
‘assurance data for Hitachi LCD driver LSIs 


based on test data and failure analysis 
results. 


2. Chip and Package Structure 


The Hitachi LCD driver LSI family uses low 
power CMOS technology and flat plastic 
package. The Si-gate process is used for high 
reliability and high density. Chip structure 
and basic circuit are shown in figure 1, and 
package structure is shown in figure 2. 





PSG Al Gate 


4. tf he? 
Ss 


CaS 


SiO, Source Drain 


FET2 





P-channel 
EMOS 


. N-channel 
EMOS 





Figure 1 Chip Structure and Basic 
Circuit 





Plastic. 


Figure 2 Package Structure 
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3. Reliability Test Results 


The test results of LCD driver LSI family are 
shown in Tables 1, 2, and 3. 





Table 1 Test Result 1, High Temperature Operation 


(Ta=125°C, Vcec=5.5V) 





Device Sample Size Component Hour Failure 
HD44100H : 40 40,000 0 
HD44102H 40 40,000 0 
HD44103H 40 40,000 0 
HD44780 90 90,000 0 
HD66100F 45 45,000 0 
HD61100A 80 80,000 0 
HD61102 50 50,000 0 
HD61103A 7 50 50,000 oO 
HD61200 40 40,000 0 
HD61202 50 50,000 0 
HD61203 © 40 40,000 O 
HD61104 45 45,000 0 
HD61105 45 45,000 0 
HD61830 40 40,000 0 
HD61830B 40 40,000 0 
HD63645 32 32,000 0 
HD64645 32 32,000 6) 

~ HD61602 38 38,000 0 
HD61603 32 32,000 6) 
HD61604 32 32,000 0 
HD61605 32 32,000 0 
HD66840 45 45,000 0 

Table 2 Test Result 2 

| Sample Component 

Test item Test Condition Size Hour Failure 
High temp, storage Ta=150°C, 1000 h 180 180,000 0 
Low temp, storage Ta=-55°C, 1000 h 140 140,000 0 
Steady state humidity 65°C, 95% RH, 1000 h 860 860,000 ag 

_ Steady state humidity, biased 85°C, 90% RH, 1000 h 165 170,000 2% 
Pressure cooker 121°C, 2 atm.100 h 200 20,000 0 


Note: *Aluminum corrosion 
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Table 3 Test Results 3 


Test items Test Condition 
Thermal shock 0 to 100°C 
| 10 cycles 
Temperature cycling -55°C to 150°C 
10 cycles 


Soldering heat 
Resistance to VPS 
Solderability 


260°C, 10 seconds 
215°C, 30 seconds 
230°C, 5 seconds 


4. Quality Data from Field Use 


Field failure rate is estimated in advance 
through production process evaluation and 
reliability tests. Past field data on similar 
devices provides the basis for this estimation. 
Quality information from the users is indis- 
pensable to the improvement of product 


Sample Size 





Failure 
108 0 
678 0 _—- 
283 0 . 
88 0 
140 O 


quality. Therefore, field data on products 
delivered to the users is followed up carefully. 
On the basis of information furnished by the 
user, failure analysis is conducted and the 
results are quickly fed back to the design and 
production divisions. 7 
Failure analysis results on MOS LSIs returned 
to Hitachi is shown in figure 3. 


Damaged by 


excessive 
voltage 
and/or 
current 
(26.7%) 


Good 

devices 

(38.8%) 
Sample 
size 
3,873 


Marginal 


14.5% 





(3.1%) 


Poor functional 
test pattern 
(3.1%) 


Figure 3 Failure Analysis Result 
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5. Precautions 
5.1 Storage 


It is preferable to store semiconductor 
devices in the following ways to prevent 
deterioration in their electrical characteris- 
tics, solderability, and appearance, or break- 


age. 

1. Store in an ambient temperature of 5 to 30° 
C, and in a relative humidity of 40 to 60%. 

. Store in a clean air environment, free from 
dust and reactive gas. 

. Store in a container that does not induce 
static electricity. 

. Store without any physical load. 

. If semiconductor devices are stored for a 
long time, store them in unfabricated form. 
If their lead wires wires are formed 
beforehand, bent parts may corrode dur- 
ing storage. 

6. If the chips are unsealed, store them in a 
cool, dry, dark, and dustless place. 
Assemble them within 5 days after 
unpacking. Storage in nitrogen gas is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 

point at -30°C or lower. Unpackaged 
devices must not be stored for over 3 
months. 

7. Take care not to allow condensation dur- 
ing storage due to rapid temperature 
changes. 


oF WO WN 


5.2 Transportation 


As with storage methods, general precau- 
tions for other electronic component parts are 
applicable to the transportation of semicon- 


ductors, semiconductor-incorporating units 


and other similar systems. In addition, the 

following considerations must be taken, too: 

1. Use containers’ or jigs whch will not induce 
static electricity as the result of vibration 
during transportation. It is desirable to use 
an electrically conductive container or 
aluminium foil. 

2. Prevent device breakage from clothes-in- 
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duced static electricity. 

3. When transporting the printed circuit 
boards on which semiconductor devices 
are mounted, suitable preventive mea- 
sures against static electricity induction 
must be taken; for example, voltage built- 
up is prevented by shorting terminal cir- 
cuit. When a conveyor belt is used, prevent 
the conveyor belt from being electrically 
charged by applying some surface tyéat- 
ment. 

4. When transporting semiconductor devices 
or printed circuit boards, minimize 
mechanical vibration and shock‘ 


5.3 Handling for Measuremént 


Avoid static electricity, noise, and surge 
voltage when measuring semiconductor 
devices are measured. It is possible to pre- 
vent breakage by shorting their terminal 
circuits to equalize electrical potential during 
transportation. However, when the devices 
are to be measured or mounted, their termi- 
nals are left open providing the possibility 
that they may be accidentally touched by a 
worker, measuring instrument, work bench, 
soldering iron, conveyor belt, etc. The device 
will fail if it touches something that leaks 
current or has a static charge. Take care not 
to allow curve tracers, synchroscopes, pulse 
generators, D.C. stabilizing power supply 
units, etc. to leak current through their ter- 
minals or housings. 

Especially, while testing the devices, take 
care not to apply surge voltage from the 
tester, to attach a clamping circuit to the 
tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 
During measurement, avoid miswiring and 
short-circuiting. When inspecting a printed 
circuit board, make sure that there is no sol- 
dering bridge or foreign matter before turn- 
ing on the power switch. 

Since these precautions depend upon the 
types of semiconductor devices, contact 
Hitachi for further details. 
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“Flat Plastic Package (Q.FP) Mounting Methods 


Surface Mounting Package Han- 
dling Precautions | 


1. Package temperature distribution 


The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package directly 
exposed to the infrared heat source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package unless precautions are taken. As 
shown in the example in figure 1, the surface 
directly facing the infrared heat source is 20° 
to 30°C higher than the leads being soldered 
and 40° to 50°C higher than the bottom of the 
package. If soldering is performed under 
these conditions, package cracks may occur. 


To avoid this type of problem, it is recom- 
mended that an aluminum infrared heat 
shield be placed over the resin surface of the 
package. By using a 2-mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 175°C when the peak 
temperature of the leads is 240°C. 


2. Package moisture absorption 


The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. If this moisture absorption 
becomes excessive, there will be sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread apart. In extreme cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 

To remove any moisture absorbed during 
transportation, storage, or handling, it is 
recommended that the package be baked at 
125°C for 16 to 24 hours before soldering. 


3. Heating and cooling 


One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 


method is used with plastic items, there is 
thermal shock resulting in package cracks 
and a deterioration of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 

Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4°C/. 


sec is recommended. 


4. Package contaminants 


It is recommended that a resin-based flux be 
used during soldering. Acid-based fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 
must be taken. 


The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. For reference purposes, an example of 
reflow conditions for a OFP infrared reflow 
furnace is given in figure 2. The values given 
in the figure refer to the temperature of the 
package resin, but the leads must also be 
limited to a maximum LOE 260°C for 10 seconds 
or less. 


Of the reflow methods, infrared reflow is the 
most common. In addition, there is also the 
paper phase reflow method. The recom- 
mended conditions for a paper phase reflow 
furnace are given in figure 3. 

For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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Figure 3 Example Vapor-phase Reflow 
Conditions : 
time (sec) . 





Figure 1 Temperature Profile During 
Infrared Heat Soldering 
(Example) 


10 sec.max. 
235°C eee a 
140~ 160°C 


| = 60sec | 1~4°C/sec. 


1~5°C/sec 


temperature —= 


‘Figure 2 Recommended Reflow 
Conditions for OFP 
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Flat Plastic Package (OQFP) Mounting Methods 





Soldering iron method | . Reflow method Reflow method 
(Spare solder) (Solder paste) 


Solder Solder paste . 


solder 
parts 


Soldering 


~260°C 
| Tacking | 
| 
Preheating 


Washing 100 to 150°C 
(20 seconds) 


Preheating 
(Resin coating) 100 to 150°C 
(20 seconds) 
Reflow 
235°C 
(10 seconds) 
Reflow 
235°C 
(10 seconds) 
Washing 


Washing . (Resin coating) 


(Resin coating) 





Figure 4 Recommended Paper Phase Reflow Conditions 
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Liquid Crystal Driving Methods 


Driving a liquid crystal at direct current trig- 
gers an electrode reaction inside the liquid 
cell, degrading display quality rapidly. The 
liquid crystal must be driven by alternating 
current. The AC driving method includes the 
static driving method and the multiplex driv- 
ing method, each of which has features for 
different applications. Hitachi has developed 
different LCD driver devices corresponding to 
the static driving method and the multiplex 
driving method. The following sections 


describe the features of each driving method,’ 


the driving waveforms, and how to apply 
bias. 


Liquid Crystal Display 
and Terminal Connection 


1. Static Driving Method 


Figure 1 shows the driving waveforms of the 
static driving method and an example in 
which “4” is displayed by the segment 
method. The static driving method is the 
most basic method by which good display 
quality can be obtained. However, it is not 
suitable for liquid displays with many seg- 
ments because one liquid crystal driver cir- 
cuit is required per segment. 

The static driving method uses the frame 


frequency (1/ts) of several tens to several — | 


hundreds Hz. 





COMo 


SEG, +7 


SEG, 


COMo—SEGan+1 
Selected waveform 


COMo—SEGr+1 
Non-selected waveform 





Figure 1 Example of Static Drive Waveforms (Example of HD61602/HD61603) 
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Liquid Crystal Driving Methods 


2. Multiplex Driving Method 


The multiplex driving method is effective in 
reducing the number of driver circuits, the 
number of connections between the circuit 
and the display cell, and the cost when driv- 
ing many display picture elements. Figure 2 
shows a comparision of the static drive with 
the multiplex drive (1/3 duty cycle) in an 8- 
dight numeric display. The number of liquid 
crystal driver circuits required is 65 for the 
former and 27 for the latter. The multiplex 


Static driving 


method Common---- 
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Multiplex driving 
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Figure 3 A Type Waveforms 
(1/3 aay cycle, 1/3 bias) 


drive reduces the number of driver circuits. 
However, greater multiplexing reduces the 
driving voltage tolerance. Thus, there are 


limits to the extent of multiplexing. 


There are two types of multiplex drive 
waveforms: A type and B type. A type, shown 
in figure 3, is used for alternation in 1 frame. B 
type is used for alternation in between 2 
frames (figure 4). B type has better display 
quality than A type in high multiplex drive. 


la 1b1g 2f 2a 2b2g 8f 8a 8b8g 


Common ;: 


Segment 


Common-segment 





Figure 4 B Type Waveforms 
(1/3 duty cycle, 1/3 bias) 


HITACHI 
64 Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 





Liquid Crystal Driving Methods 


2.1. 1/2 Bias, 1/2 Duty Drive ple of the connection to display ‘4’ on a liquid 
crystal display of 7-segment type, and the 
In the 1/2 duty drive method, 1 driver circuit output waveforms. 


drives 2 segments. Figure 5 shows an exam- 


Liquid Crystal Display 
and Terminal Connection 





COM>—SEG, 
(Selected waveform) 


Vi 





Figure 5 Example of Waveforms in 1/2 Duty Cycle Drive (B type) (Example of 
HD61602) 
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Liquid Crystal Driving Methods 





2.2 1/3 Bias, 1/3 Duty Cycle Drive : shows an example of the connection to dis- 
| play ‘4’ on a liquid crystal display of 7-seg- 
In the 1/3 duty cycle drive, 3 segments are ment type, and the output waveforms. 


driven by 1 segment output driver. Figure 6 





Liquid Crystal Display 
and Terminal Connection 


COM, COM, 


COM, 


COMo 


SEGa+1 


SEGn+2 





SEG, 






COMo aa SEG, +2 
(Selected waveform) 


—V3 


Vv; 
OV 
COM>—SEG, —V; 


| 
(Non-selected waveform) —————» 


1 frame 


Figure 6 Example of Waveforms in 1/3 Duty Cycle Drive (B type) (Example of 
HD61602) | 
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Liquid Crystal Driving Methods 


2.3 1/3 Bias, 1/4 Duty Cycle Drive shows an example of the connection to dis- 
play ‘4’ on a liquid crystal display of 7-seg- 
In the 1/4 duty cucle drive, 4 segments are ment type, and the output waveforms. 


driven by 1 segment output driver. Figure 7 


Liquid Crystal Display 
and Terminal Connection 





COM3—SEG, 
(Selected waveform) 


COM,)—SEG, 
(Non-selected wavefor 





Figure 7 Example of Waveforms in 1/4 Duty Cycle Drive (B type) (Example of | 
: HD61602) | | ) 
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2.4 1/4 Bias, 1/8 Duty Cycle Drive 


Vec 

Vi 

COM, V2(V3) 
V4 


Liquid Crystal Display 
Vs 
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com, — i /- 
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V; 
SEG> V2 (V3) 
Va 
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, Vico 

MV, =Vee~ %Viep 

V2(V3) =Vec— 2Vicp 
Va =Vec—%Vicp 


YaMicp 
Vs =Vec~ Vico 


— YaMico 


COM,-—SEG, 

(Selected waveform) 
—Vieo 

* Example of LCD IL. 
V2 is same voltage as V3. 
YeMicp 
Yaicp 
COM,-SEG, 

(Non-selected waveform) — % Vico 
— ¥eVico 





' Figure 8 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of LCD- 
IT) 
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Liquid Crystal Driving Methods 


2.5 1/5 Bias, 1/8 Duty Cycle Drive 


Common 
1/8 duty, 


1/5 bias 
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Common 1 
Common 2 Set Sener i 
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Between segment 1 
and common 1 
(Display off) 


Liquid crystal display waveforms 


1 frame 


Between segment 1 
and common 2 
(Display on) 





Figure 9 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (E 
HD44100H) ty ty (A type) (Example of 
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2.6 1/5 Bias, 1/16 Duty Cycle Drive 
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Figure 10 Example of Waveforms in 1/16 Duty Cycle Drive (A type) (Example of LCD- | | 
IT) | 
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Liquid Crystal Driving Methods 


2.7 1/5 Bias, 1/32 Duty Cycle Drive 
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Figure 11 Example of Waveforms in 1/32 Duty Cycle Drive (Example of HD44102CH, 
HD44103CH) 
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Liquid Crystal paving Methods 


3, ae Supply Circuit for Liquid 
Crystal Drive | 7 


Table 1 shows the relationship between the 
number of driving biases and display duty 
cycle ratios. 

3.1 Resistive Dividing 


Driving bias is generally generated by a 
resistive divider (figure 12). 


The resistance value settings are determined 


by considering operating margin and power 
consumption. Since the liquid crystal display 
load is capacitive, the drive waveform itself is 
distorted due to charge/discharge current 
when the liquid crystal display drive 
waveform is applied. To reduce distortion, the 
resistance value should be decreased but this 
increases the power consumption because of 
the increase of the current through the divid- 
ing resistors. Since larger liquid crystal dis- 
play panels have larger capacitance,the 
resistance value must be decreased propor- 
tionally. 





Table 1 
Number of Driving Biases 
Display 
duty ratio Static 1/2 
Number of 2 3 A 4 


driving biases 


Vec(+5 V) 


1/4 Bias (1/8, 1/11 duty cycle) 


(1/2 bias) (1/3 bias) (1/4 bias) 





Relationship between the Number of Display Duty Cycle Ratio and the 


1/3 1/4 1/7 1/8 1/11 1/12 1/14 1/16 1/24 1/32 1/64 


5 5 5 6 6 6 6 6 
(1/5 bias) 


Vec(+5 V) 


1/5 Bias (1/16 duty cycle) 


Figure 12 Example of Driving Voltage Supply 
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It is efficient to connect a capacitor to the 
resistors in parallel as shown in figure 13 in 
order to improve charge/discharge distortion. 
However, the effect is limited. Even if it is 
attempted to reduce the power consumption 
with a large resistor and improve waveform 
distortion with a large capacitor, a level shift 
occurs and the operating margin is not im- 
proved. 

Since the liquid crystal display load is in a 
matrix configuration, the path of the charge/ 
discharge current through the load is com- 


Vec(+5 V) 








Cc 


C 


Cc 


C 


C 


Without C 


Liquid Crystal Driving Methods 


plicated. Moreover, it varies depending on 
display condition. Thus, a value of resistance 
cannot be simply determined from the load 
capacitance of liquid crystal display. It must 
be experimentally determined according to 
the demand for the power consumption of 
the equipment in which the liquid crystal 
display is incorporated. 

Generally, R is 1 kQ to 10 kQ, and VR is 5kO to 
50 kQ. No capacitor is required. A capacitor of 
0.1 uF is usually used if necessary. 


Common/segment selected high level 
Common non-selected high level 


Segment non-selected high level 


Segment non-selected low level 


Common non-selected low level 


Common/segment selected low level 


For contrast adjustment 


Large C and R cause 
a level shift. 


Figure 13 Example of Capacitor Connection for Improvement of Liquid Crystal 


Display Drive Waveform Distortion (1/5 bias) (Example of LCD-IT) 
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Liquid Crystal Driving Methods 


3.2 Drive by Operational Amplifier 


In graphic displays, the size of the liquid 


crystal becomes larger and the display duty 
ratio becomes smaller, so the stability of liq- 
‘uid crystal drive level is more uaporant than 
in small display system. 

Since the liquid crystal for graphic displays is 
large and has many picture elements, the 
load capacitance becomes large. The high 
impedance of the power supply for liquid 
crystal drive produces distortion in the drive 
waveforms, and degcades disiplay quality. 
For this reason, the liquid crystal drive level 


impedance should be reduced with opera- 


tional amplifiers. Figure 14 shows an example 
of an operational amplifier configuration. 


No load current flows through the dividing 
resistors because of the high input impedan- 
ce of the operational amplifiers. A high resis- 


tance of R = 10 kQ and VR = 50 kQ, can be — 


used. 


3.3 Generation of Liquid Crystal Drive 
Levels in LSI 


The power supply circuit for liquid crystal 


( +5V)Vec 


drive level may be incorporated in the LSI, 
such as one for a portable calculator with 
liquid crystal display. 

HD61602, HD61603 for small display systems 
has a built-in power suply circuit for liquid 
crystal drive levels. 


3.4 Precaution on Power Supply Circuits 


: The LCD driver LSI has two types of power 


supplies: the one for logical circuits and the 
other for the liquid crystal display drive cir- 
cuit. The power supply system is complicated 
because of several liquid crystal drive levels. 
For this reason, in the power supply design, 
take care not to deviate from the voltage 
range assured in the maximum rating at the 
rise of power supply and from the potential 
sequence of each power supply. If the input 
terminal level is indefinite, through current 
flows and the power consumption increases 
because of the use of CMOS process in the 
LCD driver. 

Simultaneously, the potential sequence of 
each power supply becomes wrong, which 
may cause latch-up. 


Common/segment selected high level 


Common non-selected high level 


F Segment non-selected high level 


Segment non-selected low level 


Common selected low level 


Common/segment selected low level 


Contrast 


adjustment 
( ey 5 V) Vee 


For liquid crystal drive logic circuits 


Operational amplifier voltage follower 





Figure 14 Drive by Operational Amplifier (1/5 bias) 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 


Section Three 





General Type 
LCD Driver 
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HD44100H 


(LCD Driver with 40-Channel Outputs) 


Description 


The HD44100H has two sets of 20-bit bidir- 
ectional shift registers, 20 data latch flipflops 
and 20 liquid crystal display driver circuits. It 
receives serial display data from a display 
control LSI, converts it into parallel data and 
supplies liquid crystal display waveforms to 
the liquid crystal. 

The HD44100H is a highly general liquid 
crystal display driver which can drive a static 
drive liquid crystal and a dynamic drive liquid 
crystal, and can be applied as a common 
driver or segment driver. 


Features 


_@ Liquid crystal display driver with serial/ 
parallel conversion function 

@ Serial transfer facilitates board design 

@ Capable of interfacing to liquid crystal 
display controllers: HD43160AH, LCTC 
(HD61830), LCD II(HD44780), | 
LCDIII(HD44790). 

@ 40 internal liquid crystal display drivers 

@ Internal serial/parallel conversion cir- 
cuits: 
—20-bit shift register x 2 
—20-bit shift latch x 2 

@ Display bias: Static to 1/5 

@ Power supply: 
—Internal logic: + 5 V 
—Liquid crystal display driver circuit: 

-— 5V 

@® Separation of internal logic from liquid 
crystal display driver circuit increases 
applicable controllers and liquid crystal 
types 

@ CMOS process 

@ 60-pin flat plastic package 


Pin Arrangement 
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\ 





Block Diagram 


, ~ LCD Drivers . 
Latch signal © _ i 


bit la ‘Shift 
; 7. direction 


Data 


|__Shift signal] 20-bit bidirectional shift register Data 


Shift 
direction 





Absolute Maximum Ratings 


Item Symbol _— Value Unit 
Supply — Logic Vec*! -— 0.3 to + 7.0 Vv 
voltage LCD drivers Vee*2 Vec - 13.5 to Vec +'0.3 Ve 
Input voltage | | Vri*! — 0.3 to Vec + 0.3 V 
Input voltage — Vr2*3 Vec + 0.3 to Vee — 0.3 Vv 
Operating temperature Topr — 20 to + 75 | °c 

| Storage temperature _. Tstg — 55 to + 125 °C 


Notes: *1 All voltage values are referred to GND. 
*2 Connect a protection resistor of 220 0 + 5 % to Vee power supply in series. 
*3 Applies to Vito Ve. 
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Electrical Characteristics 
(Vcc = 5V + 10 %, Vez = — 5 V + 10 %, GND = OV, Ta = — 20 to + 75°C) 


item Symbol Applicable Terminais Min Typ Max Unit Test Condition 
Input voltage Viy CL1, CL2, DL1, DL2, 0.7 Vcc — Vec V | 
DR1, DR2, M, SHL1, 

Vit SHL2, FCS 0 —- 0.3 Vcc V 
Output voltage Voy ~ DL1, DL2,DR1,DR2) Vc - 0.4— = V loo = — 0.4 mA 

Voi _ — 0.4 V lo. = + 0.4 mA. 
Vi-Yj voltage Vp; * 1 — — 1.1 V lon = 0.1 mA for one of Yj 
descending Nhs - — 1.5 Von = 0.05 mA for each Yj 
Input leakage CL1,CL2,DL1,DL2, -5.0 — _ 5.0 uA Vin = 0 to Vec 
current DR1, DR2, M, SHL1, 

—  SHL2, FCS, NC 

Vi leakage Ive * 3 - 10.0 — 10.0 HA Min = Vec to Vee 
current 
Power supply Icc *2 —_ — 1.0 mA fcer2 = 400 kHz 
current lee es — 10 HA fcet1 = 1 kHz 





Notes: *1 Vi-Yj (Vi = 1 to 6, j = 1 to 40) equivalent circuit 


| Vi en ee 
ae R2 Yj R1 


oye” 
Power Data R2 
switch awtitch 


1 kQ max. 
10 kQ max. 


*2 \Input/output current is excluded; when input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 
_ level must be fixed at high or low. 
*3 Output Y1 to Y40 open. 
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Timing Characteristics 


(Vcc = 5 V + 10 %, Vee = — 5V +10 %, GND = OV, Ta = — 20 to + 75°C) 
item Symbol Applicable Terminals Min Typ Max Unit Test Condition 
Data shift fet CL2 - — 400 kHz 
frequency 
Clock high level tqwy CL1, CL2 800 —- — ns 
width Low level tew.. CL2 s00 —- —- ns 
Data set-up time —tsy DL1,DL2,DR1,DR2, 300 —- -— ns 

FLM 
Clock set-up time ts, CL1, CL2 500: =. = ns (CL2—CL1) 
Clock set-up time tis CL1, CL2 500-5 = = ns (CL1—CL2) 
Data delay time __ tpg DL1,DL2,DR1,DR2 — — 500 ns CL. = 15 pF 
Clock rise/fall time te, CL1, CL2 _ — 200 ns 
Data hold time tou . DL1, DL2, DR1,DR2, 300 — ao ns 


Data in 


(OL1, DL2, DR1, DR2) 


Data out 


(DOL1, DL2, DRI, DR2) 


FLM 


(je-t sU 
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Figure 1 Timing Waveform 











HD44100H 





Terminal Function 
Table 1 Functional Description of Terminals 


Signal Number Input/ 
Name of Lines Output Connected to Function 


Vec 1 power supply Power supply for logical circuit 

GND 1 Power supply OV 

VEE 1 Power supply Power supply for liquid crystal display drive 

Yi—Y20 20 Output Liquid crystal Liquid crystal driver output (Channel 1) 

Yoi—Y4o 20 Output Liquid crystal Liquid crystal driveroutput (Channel 2). 

Vi, V2 2 Input Power supply | Power supply for‘liquid crystal display drive (Select level) 

V3, V4 2 | Input Power supply Power supply for liquid crystal display drive (Non-select 
level for channel 1) | 

Vs, V6 2 Input Power supply Power supply for liquid crystal display drive (Non-select 

| | level for channel 2) 

SHL1 1.‘ Input. VecorGND __ Selection of the shift direction of channel 1 shift register _ 





SHL2 1 Input Vec or GND 
DL1, DR1 2 Input/ Controller Data input/output of channel 1 shift register 
| output or HD44100H 
DL2, DR2 2 Input/ Controller Data input/output of channel 2 shift register 
output or HD44100H 
M 1 Input Controller Alternated signal for liquid crystal driver output 
CL1 1 Input Controller Latch signal for channel 1(~ L_) ¥*1 
Used for channel 2 when FCS is GND 
CL2 1 Input Controller Shift signal for channel 1(~ L_) *1 
Used for channel 2 when FCS is GND — 
FCS 1 Input Vcc or GND Mode select signal of channel 2. FCS signal exchanges the 


latch signal and the shift signal of channel 2 and inverts M 
for channel 2. Thus, this signal exchanges the function of 
channel 2. | 


Channel 2 
FCS Level | Latch signal | Shift signal | M Polarity 


2 _f-[c.1 | _M_| For common arve 
[eno [ ent [es |__| For segment drive 
* 1 . 


*2 
NC 1 : Don’t connect any wires to this terminal. 


Notes: *1 _f and Jl indicate the latches at rise and fall times, respectively. 
*2 The output level relationship between channel 1 and channel 2 based on the FCS signal 
level is as follows: 
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HD44100H 


FCS 


Data M 

4 1 

Vec (Select) @] 
MO 1 
(Non-select) — 0 

1 1 

GND (Select) 0 
(O) 0 1 
(Non-select) 0 


1 and O indicate high and low levels, respectively. 


Applications 
Segment Driver 
When the HD44100H is used as a segment 


driver, FCS is set to GND to transfer display 
data with the timing shown in figure 2. In this 


Output Level 


Channel 1 (Y1—Y20) Channel 2 (Y21—Yao) 
Vi | V2 
V2 Vi 
V3 Ve 
V4 V5 
Vi Vi 
V2 V2 
V3 V5 
V4 Ve 


case, both channel 1 and channel 2 shift data 
at the fall of CL2 and latch it at the fall of CLI. 
V3 and Vs, V4 and Ve of the liquid crystal 
display driver power supply are short-cir- 
cuited, respectively. 





(FLM) 


M 


CL1 7 
Output of 
latch — 
(Y;——Y4o) 


M 
CL1 


CL2- 


_ DL1/DR1 
DL2/DR2 





Figure 2 Segment Data Waveforms (A Type Waveforms, 1/8 Duty Cycle) 
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Common Driver display data with the timing shown in figure 
3. 

In this case, channel 1 is used as a segment In this case, channel 2 shifts data at the rise of 

driver and channel 2 as common driver. CL1 and latches it at the rise of CL2. Channel 


When channel 2 of HD44100H is used as 1 shifts and latches as shown in figure 2. 
common driver, FCS is set to Vcc to transfer 


sr-T-12 3 4 5 6 7 8 4 2 
DL2/DR2(FLM) - i |! ] 


1 Shift | 
CL1 


Y21 ao 


j Non-select 
ue eee eee (gl, Ameren RSE Seem! (Gy lnea 


Select Select 


| a Non-select | 


Select Select 


Select 


Enlarged view \ 
\ 
DL2/DR2(FLM) ~ a aa 
M tee ee 





Shift 


iL hel Acide Ll 


Figure 3 ay Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty 
~ Cycle 
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HD44100H 


Both Channel 1 and Channel 2 Used as 
Common Drivers (FCS = GND) 


When both of channel 1 and channel 2 of 
HD44100H are used common drivers, FCS is 
set to GND and the signals (CL1, CL2, FLM) 
from the controller are connected as shown in 
figure 4. 
In this case, connection of the liquid crystal 
display driver power supply is different from 
that of segment driver, so refer to figure 4. 

@ Vi, V2: Select level of segment and com- 

mon 
@ V3, Va: Non-select level of segment 
@ Vs, Ve: Non-select level of common 


Static Drive 


When the HD44100H is used in the static 
drive method (figure 5), data is transferred at 


Controller 
(HD43160AH) 


Drive voltage of 
liquid crystal 





the fall of CL2 and latched at the fall of CL1. 
The frequency of CL1 becomes the frame 
frequency of the liquid crystal display driver. 
The signal applied terminal M must have 
twice the frequency of CL1 and be synchron- 


- ized at the fall of CL1. The power supply for 


liquid crystal display driver is used by short- 
circuiting V:, Va and Ve, and V2, V3, and V5 
respectively. 

One of the liquid crystal display driver output © 
terminals can be used for a common output. 
In this case, FCS is set to GND and data is 
transferred so that 0 can be always latched in 
the latch corresponding to the liquid crystal 
display driver output terminal used as the 
common output. If the latch signal corre- 
sponding to the segment output is 1, the 
segments of LCD light. They also light for 
common side = 1, and segment side 0. | 


HD44100H 


HD44100H 
Segment 
driver 


Figure 4 Connection When Both Channels Are Common Drivers 
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Timing Chart of Input Waveforms 


First Second 
figure figure ————--—~—~—~-- 


Figure 5 Static Drive Connection 
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78 79 80 


ee [ | | 1 (Shift Clock) 


(Display Data) 
1:on_ O: off 


CL, | | (Latch Clock) 


eeeeevevee 





Notes: 


A. 


Input square waves of 50% duty cycle (about 
30—500 Hz) to M. The frequency depends 
on the specifications of LCD panels. 

The drive waveforms corresponding to the 
new displayed data are output at the fall of 
CL1. Therefore, when the alternating signal 
M and CL1 do not fall synchronously, DC 
elements are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 
minutes, and seconds of a clock). To avoid 


this, have CL1 fall synchronously with the 
one edge of M. 

In this example, the CMOS inverter is used as 
a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD44100H outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be O in 
that case. 
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HD44100H 


Data transformed Data O corresponding to 
HD44100H to Y2 to Y4o Y, (COM signal) 


CL, | | 
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HD661 OOF 


(LCD Driver with 80-Channel Outputs} 


The HD66100 description segment driver 
with 80 LCD drive circuits is the improved 
version of the no longer current HD44100H 
LCD driver with 40 circuits. 

It is composed of a shift register, an 80-bit 
latch circuit, and 80 LCD drive circuits. Its 
interface is compatible with the HD44100H. 
It reduces the number of LSI's and lowers the 
cost of an LCD module. 


Features 


@ LCD driver with serial/parallel converting 
function _ 

@ Interface compatible with the HD44100H; 
connectable with HD43160AH, HD61830, 
HD61830B, LCD-ll (HD44780), LCD-lll 
(HD44790) 

@ Internal output circuits for LCD drive: 80 

@ Internal serial/parallel converting cir- 
cuits: 

—80-bit bidirectional shift register 
_ —80-bit latch circuit. 

@ Power supply 
—Internal logic circuit: +5 V +10% 
—LCD drive circuit: 3.0 V to 6.0 V 

@ CMOS process 

@® 100-pin plastic OFP (FP-100) 


Comparison with HD44100H 


Table 1 shows the main differences between 
HD66100 and HD44100H. 


Table 1 Comparison of HD66100 and 
HD44100H 


HD66100 HD44100H 
LCD Drive Outputs 80 x 1 Channel 20x 2 channels 


Supply Voltage 3to6 V 4.5to11V 
for LCD Drive 


Circuits 

' Multiplexing Static to 1/16 static to 1/32 
Duty Ratio duty duty 
Package 100-pin flat | 60-pin flat 


plastic package plastic package 
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(FP-80A) 


(Top View) 
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HD66100F 


Pin Description 


Vec, GND, Vee: Vcc supplies power to the 
internal logic circuit. GND is the logic and 
drive ground. Vez supplies power to the LCD 
drive circuit. 


Vi, V2, V3, and Va: Vi to V4 supply power for 
driving an LCD (figure 2). 


‘CL1: HD66100 latches data at the negative 


edge of CL1. 


CL2: HD66100 receives shift data at the neg- 
ative edge of CL2. 


M: Changes LCD drive outputs to AC. 


Table 2 Pin Function 


Symbol Pin No. Pin Name 1/O 
Vcc 46 Vcc a 
GND 36. Ground at 
Vee 31 Vee = 
Vi 32 V1 = 
V2 33 V2 - 
V3 34 V3 = 
V4 35 Va a = 
CL1 37 Clock 1 | 
CL2 40 Clock 2 _ | 
M 44 M 1 
DI 41 Date In l 
DO 42 Date Out O 
SHL 39 7 Shift Left | 
Yi-Ygo 1-30,51-100 Y1-Ys8o O 


NC 38,43,45,47-50 No Connection _ 







V,, Vo: Selected level 
V3, V4: Non-selected level 


Figure 2 Power Supply for Driving an LCD 


_ DI: Inputs data to the shift register. 


DO: Output data from the shift register. 


SHL: Selects a shift direction of serial data. 
When the serial data is input in order of Di, D2, 
..., D79, Dgo, the relation between the data and 
the output Y is shown in table 3. 


Y1-Ysgo: Each Y outputs one of the four voltage 
levels-V:, V2, V3, or Va-according to the com- 
bination of M and display data (figure 2). 


NC: Do not connect any wire to these termi- 
nals. 


Table 3 Relation Between SHL and 
Data Output 





‘SHL Vi. Ve 2 Mecic. Y7o Yeo 
High D1 D2 OD3...... D79 D80 
Low D80 D79 D78..... D2 D1 

















Y pices . | . | 
level V; V3 Vo. Va 


When used as a common driver 
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Block Functions 
LCD Drive Circuits 
Select one of four levels of voltage V 1, V2, V3, 
and V4 for driving a LCD and transfer it to the 


output terminals according to the combina- 
tion of M and the data in the latch circuit. 


Latch Circuit 
Latches the data input from the bidirectional 


shift register at the fall of CL1 and transfer its 
outputs to the LCD drive circuits. 


SHL = GND 


HD66100F 


Bidirectional Shift Reigster 


Shifts the serial data at the fall of CL2 and 
transfers the output of each bit of the register 
to the latch circuit. When SHL = GND, the 
data input from DI shifts from bit 1 to bit 80 in 
order of entry. On the other hand, when SHL 
= Vcc, the data shifts from bit 80 to bit-1. In 
both cases, the data of the last bit of the 
register is latched to be output from DO at 
the rise of CL2. 


LCD drive outputs 


Y79 Y80 


eeee8eee@ 8 @ e@hUc8emhUchOhlhUcOOhUclhlUO 


pf e| Latch circuit 3] 


fi] 2 Shift register 9} | 


LCD drive outputs 


Y79 Y80 


a Latch circuit aye 


og Shift register Ba 





Figure 3 Relation between SHL and the Shift Direction 
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LCD drive outputs Y79 Y80 


a | a 
" 0 Sr 


Vi, V2, V3, Vs 


(alternating signal) (power supply for 


[Eee PP 


cu [Eee ——*~i 


(latch clock) j 


Bt Laie er PF 
smoaresenso.st | 


(input data) aa 
eae eee eee 
CL2- 


(shift clock) (selects 


(output data) 


gic circuit 


Logic circuit 


; 


° 





SHL 


a shift direction) 





Figure 4 Block Diagram 
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Primary Operations 
Shifting Data 


The input data DI shifts at the fall of CL2 and 
the data delayed 80 bits by the shift register 
is output from the DO terminal. The output of 
DO changes synchronously with the rise of 
CL2. This operation is completely unaffected 
by the latch clock CL1. 


Latching Data 


The data of the shift register is latched at the 


Shift clock 


Input data 


Output data 


HD66100F 


negative edge of the latch clock CL1. Thus, 
the outputs Yi-Yso change synchronously 
with the fall of CL1. 


Switching Data Shift Direction 


When the shift direction switching signal 
SHL is connected with GND, the data D80, 
immediately before the negative edge of CL1, 
is output from the output terminal Y:. When 
SHL is connected with Vcc, it is output from 
Yeo. 





Figure 5 Timing of Receiving and Outputting Data 


Latch clock CL] 


Outputs Y1- Y80 





Figure 6 Timing of Latching Data 
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HD66100F 


SHL = GND 
Shift clock 


De encecrevecvoseseresnese 


Input data 


Pewversceveccowesseueeses 


Latch clock 


Pee Ceroerenceeseeneerseas 


Peeenecovcosenesaacsere 


Outputs — 


Outputs 


Cover orecesencconceersens 


Orapreverccecessccenesone 





Figure 7 SHL and Waveforms of Data Shift 
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Absolute Maximum Ratings 


item Symbol 
Supply Logic Circuits Vec 
Voltage 

LCD Drive Circuits Vcc—Veg 
Input Voltage (1) V1 
Input Voltage (2) Vr2 
Operation Temperature Topr 
Storage Temperature Tstg 


*1 A reference point is GND (= O V) 
*2 Applies to Vi — V6. | 


HD66100F 


Ratings Unit Note 
-0.3 to +7.0 V baal | 
—0.3 to +7.0 V 

-0.3 to Vec + 0.3 V *4 
Vec + 0.3 to Vee - 0.3 V ‘2 
+20 to +75 ¢ 

—55 to +125 °C 


Note: If used beyond the absolute maximum ratings, LSIs may be permanently destroyed. It is best to 
use them at the electrical characteristics for normal operations. If they are not used at these 
conditions, it may affect the reliability. of the device. 
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Electrical Characteristics 


DC Characteristics : | 
(Vcc = 5 V + 10%, Vec— Vee=3.0 to 6.0 V, GND = 0 V, Ta = —20 to +75°C) 


item Symbol Terminals Min. Typ. Max. Unit Test condition Note 
Input High Voltage Vin CL1,Cl2 0.8 Vec— . Vec VV. 
Input Low Voltage Vit M, DiI, SHL O = 0.2 X VecV | 
Output High Voltage Voy DO - Vec-0.4 - re V lon = —0.4 mA 
Output Low Voltage Vo, = = 0.4 V lo. = +0.4 mA 
On Resistance ~ Rona - - 11 kQ lon = 0.1 mA to 
Vi-Vj Y1-Y8o one Y terminal 
| Ron2 Vi-V4 - ~ 30 kQ lon = 0.05 mA to 
| | each Y terminal 
Input Leakage Current | CL1,ClL2, -—5.0 = 5.0 uA Vin = O V to Vec 
M, DI, SHL | 
Vi Leakage Current WL Vi-V4 ~5.0 = 5.0 uA Output Y:-Ygo open 
| Vin = Vcc to Vee 
‘ Current Dissipation  Ignn ies _ 2.0 mA fco2=1.0MHz *1 
7 a ee ae ee 


*1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, excessive 
current flows from the power supply through the input circuit. 
To avoid this, Vin and Vi. must be fixed at Vcc and GND level respectively. 


AC Characteristics ae 
(Vec = 5 V + 10%, Vec— Vez = 3.0 to 6.0 V, GND = 0 V, T. = —20 to +75°C) 


item Symbol Terminals Min. Typ. Max. Unit Note 
Data Shift Frequency — fo, CL2 - ~ 1° MHz 

Clock High level Width tay CLi,CL2 450 _ ~ ns 

Clock Low level Width = tew. CL2 450 . _ = ons 

Data Set-Up Time fsu_ DI 100 - - ns 

Clock Set-Up Time (1) ts, CL2 200 - - ns *4 
Clock Set-Up Time (2) tis CL1 200 ~ 3 - ns *2 
Output Delay Time toa DO _~ _ 250 ns *3 
Data Hold Time toy Di 100 _ _ ns 

Clock Rise/Fall Time fer CL1,CL2 _ - 50 ns 





*1 Set-up time from the fall of CL2 to that of CL1. 
*2 Set-up time from the fall CL1 to that of CL2. 
*3 Test terminal 


Cy, (Load capacitance on outputs) = 30pF 
(Including jig capacitance) 


HITACHI | 





HD66100F 





Figure 8 Timing Chart of HD66100F 
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Typical Applications 
Connection with the LCD Controller HD44780 


Y1 —Yeo DO Yi — Yeo 
SHL HD66100F SHL  HD66100F 


R 


y Contrast 


»-V 


{power supply 
for LCD drive} 


1—Yso | DI Yi-—Ya0 DO 


SHL  HD66100F 


V3 
Ve 


| 


? Contrast 


»GND 
[power supply 
for LCD drive] 





Figure 10 Example of Connection (1/8 duty cycle, 1/4 bias) 
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Connection with LCD lll (HD44790) 


[power supply 
for LCD drive] 





Figure 11 Example of Connection (1/3 duty cycle, 1/3 bias) 


Static Drive 


Second Tenth 


figure oeoee@ figure 


COM signal 


SEG1— SEG80 


inverter 


Y1— Yso 


HD66100F 


CL1 
CL2 
M 
Vec 


GND 





Figure 12 Example of Connection (80-segment display) 
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© Timing Chart of Input Waveforms 


1 


78 79 80 


Input data DI 


Latch clock CLI] | | 











Figure 13 Timing Chart of Input Waveforms 


_ Notes: 
1. 


Input square waves of 50% duty cycle (about 
30-500Hz) to M. The frequency depends on 
the specifications of LCD panels. 


. The drive waveforms corresponding to the 


new displayed data are output at the fall of 
CL1. Therefore, when the alternating signal M 
and CL1 do not fall synchronously, DC ele- 
ments are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 


frequently changes (e.g. display of hours, 


HD66100F 


Data transferred to Y2—Yso 
CLI : | 


: Figure 15 Timing Chart (when Y: is used as a COM signal) 


minutes, and seconds of a clock). To avoid — 
this, make CL1 fall synchronously with the 
one edge of M. 


. In this example, the CMOS inverter is used as 


a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD66100F outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be O in 
that case. 


data 0 corresponding to 


Yi (COM signal) 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 


Section Four 


Character Display 
LCD Controller/Display 
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HD43160AH 


(Controller with Built in 
Character Generator) 


Display Controller and Character 
Generator for Dot Matrix Liquid 
Crystal Display System 


The HD43160AH receives character data 
written in ASCII code or JIS code from a 
microcomputer and stores them in its RAM 
which has 80 words capacity. 


The HD43160AH converts these data into a 
serial character pattern, then transfers them 
to LCD drivers. 


It also generates other control signals for the 


LCD. The HD44100H LCD driver can be com- 
bined with this controller. 


Display Characters Types 
@ Alphanumeric characters: A-Z, a-z, @, 
#, %, &, etc. 


@ Japanese characters (katakana) 


Block Diagram 


CNO DLN 


~ CN1 
CN2 


Instruction 
code register 


RAM 
8 bit 
80 words 


Character 
code register 


Absolute Maximum Ratings 


item : Symbol 


Line counter 
Cursor counter 
Character number 
counter 


| generator 


aia | 
| External | 





For Maintenance Only 


‘For new designs please see 
| data sheet for HD44780SA00H 


@ 160 characters in internal character gen- 
erator (ROM) 
(Max 256 characters in external ROM) 


Number Of Characters 


@ 4,8, 16, 24, 32, 40, 64, or 80 characters in 1 
or 2 lines 


Font 


@ 5 xX 7 + Cursor or 5 X 11 + Cursor 


Other Function Controlled By 
Microcomputer 


Display clear 

Cursor on/off 

Cursor position preset (character posi- 
tion) 

@® Cursor return 


FNTS CURS 


_f=! 


ROM 


Character P/S con- 
e 
(160 char- Internal 
acters) oscillation 
= Circuit 
01-05 





Value Unit 
Supply voltage Vec ' =-0.3 to +7.0 V 
Input voltage 7 Vr —0.3 to Vec + 0.3 Vv 
Operating temperature Tope —20 to +75 °C 
Storage temperature Tstg —55 to +125 <c 
HITACHI 
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HD43160AH 


Electrical Characteristics (Vcc = 5 V + 5%, GND = 0 V, Ta = —20 to+75°C) 


Item Symbol Terminal No. min typ max Unit Test condition 
In ue voltage. Vin BBO oer Be 2.0 - Vec V 
t <imaliinitctaitith gases esis 
compatible) Vi 0 = 08 v; 
Input voltage V OSC1, TEST, RST, FNTS, 0.7 V, = V V 
: pe 2-2-2 CURG:.DEN, ROMS, ere ee 
Vic CNO— ‘CN 2, '0:—O5 O we 0.3 Vec V ; 
Output voltage Vi 2.4 _ _ V low = —0.205 mA 
(TTL compatible) bac nee DB7 : = 
VoL = - 0.4 V lo. = 1.6 mA 
Output voltage Vonc —CFLM,, M,, D, CL1, CL2, Vec-1.0 — - V load = £0.4 mA 
Vote X0—X7, YO—Y3 - _ 1.0 V 
Input leak current lu All inputs —5 = 5 uA 
Output leak current = Iio DB7 -10 = 10 uA 
Oscillation fcp1 ~ 130 192 250 kHz R- = 200kQ +2%, 5 
fre uenc sic aceiarets 7 + Cursor 
ene fees 200 «288 «376 kKHz Ry = 130k 42%, 6 
11 + Cursor 
Input pull up current | CSO—CS3, RSO, R/W, 2 10 20 A _ OV 
put p p PL -BBO—DB | 7 Vin 
Power dissipation 3 , = io 10 mW Ta = gee C, fcp = 
zs | 400 k in 


(otseaal clock) 


* Input/output current is excluded. When an input is at the intermediate level in CMOS, excessive 
current flows through the input circuit to the power supply. To avoid this, input level must be fixed 
at high or low, CSO—CS3, RSO, R/W, DBO—DB7. 





Pin Arrangement vA 

Pin Power sup. Pin Power sup. Pin Power sup. 

No. OSC Input Output No. OSC Input Output No. OSC Input Output 

1 GND (-—) 19 D 37 DB3 

2 X4 20 FIM 38 © DB4 

3 x3 ~—_s21 dA 39 DB5 

4 X2 22 #£xOSC1 40 DB6 

5 x1 23 OSC2 41 DB7 DB7 

6 XO 24 RST 42 ROMS 

7 N.C. 25 TEST 43 05 

8 N.C. 26 E 44 O04 

g N.C. 27) Vccl+) | 45 03 

10 CURS 28 | R/W | 46 02 

11 FNTS — 29 RSO 47 01 

12 DLN 30 CSO 48 | Y3 

13 CNO 31 CS1 49 : Y2 

14 CN1 32 CS2 50 Y1 

15 CN2 33 CS3 51 YO 

16  CL2 34 DBO 52 X7 

17 CLI 35 | DB1 53 X6 
18 M 36 DB2 54 X5 
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HD43160AH 


Pin Function 


Pin 
name 


Vec 
GND 


CNO 
CN1 
CN2 


CURS 
DLN 
FNTS 


RST 
TEST 


R/W 


CSO 


CS2 
CS3 


RSO 


DBO 
to 
DB7 


CL2 
CL1 


102 


Number of. 


terminals Connected to 


2 


3 


Power supply 


GND or Vcc 


GND or Vcc 
GND or Vcc 
GND or Vcc 


Vec 
GND 
MPU 


MPU 


MPU 


MPU 


MPU 


HD44100H 
HD44100H 
HD44100H 


1/O 


1/0 
(DB7) 


Function 
+5 V + 10% Power supply 


OV 


Total displayed character number select 





Cursor select , 
Vcc: 5 dots ©@@e@e@ 
GND: 1 dot = ® 
Display line number select 
Vec: 2 lines 

GND: 1 line 


Font select 

Vec: 5 X 11 + Cursor 

GND: 5 x 7 + Cursor. 

Only for test. Normally Vcc. 

Only for test. Normally GND. 

Strobe signal | 

Write mode: The HD43160AH latches the data on DBO- 
| DB7 at the falling edge of this signal 

Read mode: Busy/Ready signal is active on DB7 while this 

signal is high , 

(Low: Ready, High: Busy) 

Read/Write signal 

L: HD43160AH gets the data from MPU 

H: MPU gets the Busy/Ready signal from HD43160AH 

Chip select 

When all of CSO— CS3 are ‘H’, HD431 60AH is selected. 


Register select 

HD43160AH has 2 registers. One is for character code and 
another is for instruction code. Each register latches the data 
on DBO—DB7 at the falling edge of E, when CSO—CS3 are 
high and R/W is low. 

High: Character code register is selected 

Low: Instruction code register is selected 

Data bus 

Inputs for character code and instruction code from MPU 
Output for Busy/Ready flag (DB7) : 

Serial dot data of characters for LCD drivers 

Dot data shift signal for LCD drivers 


Dot data latch signal for LCD drivers 
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HD43160AH 





Pin Number of 

name __ terminals Connected to 
M 1 HD44100H 
FLM 1 HD44100H 
XO 8 ROM 
‘to 

X7 

YO 4 ROM 

Y1 

Y2 

Y3 

dA 1 ROM 

01 5 ROM 

to 

O05 

ROMS 1 GND or Vcc 
OSC1 2 

OSC2 

NC 3 
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1/0 


Function 
Alternate signal for LCD drivers 
Signal for common plates scanning 


Character code outputs for external character generator (for 
ext ROM) 
X7: MSB 
XO: LSB 


fo TifoyoToloTol 1 | om tow 


Character row code for external character generator 


ex: character ‘A’ 


5 x 7 + Cursor 5 < 11 + Cursor 


~< 
i—4 





OOOOH rROOSCO Xs 
~ MOOmMROOHMH OO SN 


01 03 05 
02 04 





Clock signal for external character generator (dynamic ROM 
etc.) if necessary 


Dot data inputs from external character generator 

1 (High): On 

O (Low): Off 

Select internal or external ROM 

High: External ROM 

Low: Internal ROM 

Oscillator 5 x 7 + Cursor: Re = 200 kQ (typ) 
5 < 11 + Cursor: Re = 130 kQ (typ) 


Don't connect any signal to these terminals 
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Character Dot Patterns 


5x7 j 7 _ Only the English small character “g, j, p, 4, y,” 
| | are displayed as below. The others are the 
‘The bottom lines of the English small charac- = same as for 5 X 7 (Figure 2). 


ters “g, i, p, q, y,” are on the cursor line (Figure | 
Cursor 5 dots: eeeee 
ldot : @ 


5 xX 11 . 
The cursor is displayed on the 8th or 12th line. 


Foes 
ce 
©. 
~~ 


Character code upper 4 bits (hexadecimal) 


¢ 
3 
R ee? 
h 
Bs 


ol [ND [at ||| te 


xy 


i 
td 
G 
ul 
fia 
ll 
ae 
| 


ad 





Figure 1 5 X 7 Characters 


3.JPIaL. 


Figure 2 Special 5 X 11 Characters 
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HD43160AH 





Application 
Setting Up These terminals should be connected to Vcc 
| or GND according to the LCD display system. 
1. Total character number: CNO—CN2 RST and TEST should be connected to Vcc 
2. Cursor pattern: CURS and GND respectively. 
3. Display line number: DLN 
4. Font: FNTS 
Interface to the Controller 
1. Example 1 Interface to HD6800 
In this example (Figure 3), the addresses of 
HD43160AH in the address area of the 
HD6800 microcomputer are: 
Instruction code register #E*** (R/W=0) 
Character code register ete" (R/W=0) 
Busy flag #E***' or #F***’ (R/W=1) 


*: don’t care 
#”: hexadecimal 


HD 6800 (MPU) HD 43160 AH 





Figure 3 HD6800 Interface 
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HD43160AH 
2. Example of display program 
Read Busy flag 


from + Erte? 
or # i asa he 


Check Busy or Ready 


N: Ready 


Instruction Charact. Character 
or Inst. 


RSO = High 


Write Inst. code : Write Charact. code 
to + sf etal to + 1eeee 





Figure 4 Bicaine Program Example 
3. Time length of Busy 
write Inst. or Charact. code | 
a a aaa oe 


Busy They 
(Internal) 
Operation start operation end 


Display clear “oe 
oeEsE 


Figure 5 Busy timing 





-HD43160AH begins the operation from the register latch the data on DBO—DB7 at the 
‘rising edge of E (Figure 5). - falling edge of E. 
Instruction code register and character code 
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HD43160AH 


4. Timing chart 


Write sequence Read sequence 
(MPU—HD43160AH) (MPU<-HD43160AH) 


1 Pw! Pwen_—! Pwe. _;  Pwen | 
| 
| 


| 
tas Itopw! It ty | t | topr | 
l Pos eee al 


i Ee 5 


| 

| 
| ; | | 

Write | 


| | 

| 

y inst. 
charact. 
code 


Figure 6 HD6800 Interface Timing 





5. Timing characteristics 





item Symbol Min Typ Max Unit 

Cycle time of E | | teyc 1.0 _ = us 

Pulse width of E High level Pwen 0.45 = 25 us 
Low level PWeL 0.45 = = us 

Set up time of CS Write | tas 140 = = ns 

Data delay time Write topw - = 225 ns 
Read | topr - = 300 ns 

Hold time | tH 10 = = ns 
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6. Example 2 Interface to 8085A (Intel) 


R/W 
CS3 


E 


CS2 
CS1 
CSO 
RSO 


HD43160AH | 





Figure 7 8085A Interface 


7. Timing chart 





Figure 8 8085A Timing 


Pulse widths of RD and WR signals of the min (Figure 8). ee: 
, 8085A are 400 ns min, while the pulse width Therefore, in this example, RD and WR signal ~ 
of the E signal of the HD43160AH is 450 ns pulse widths are widened by the Twarr cycle. 
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Display Commands 

Display Control Instructions 

These instructions should be written into the 
instruction register of HD43160AH by the 
microcomputer. (RSO = Low, R/W = Low) 


1. Display clear 


MSB LSB 
eel cola LES 


Operation: The screen is cleared and the 
cursor returns to the 1st digit. 


2. Cursor return 


can [ 9] 9919] [2] 


Operation: The cursor returns to the 1st 
digit and the characters being 
displayed do not change. 


3. Cursor on/off 





Operation: The cursor appeals on) or dis- 
appears (off). 


4. Set cursor position 


MSB LSB 
rie [sin 
os] «| fa— a 
rower] [1 fa 


N, n, m: digit number 






Code: 






HD43160AH 


Operation: The cursor moves to the Nth 
(nth, mth) digit. 
N S the total character number 
n, m s 1/2 total character 
number 
ex 1: 1 line 
Set the cursor at digit 55. The 
code is 10110110. 
ex 2: 2 lines 
Set the cursor at digit 35 of 
upper or lower line. 
The code is 10100010 (upper). 
11100010 (lower). 


Display Character Command 

When the character code is written into the 
character register of HD43160AH, the char- 
acter with thiscode appears where the cursor 


wasdisplayed and the cursor moves to the 
next digit. (RSO = High, R/W = Low) 


MSB | LSB 
code: (Character code) 


ex. 1 | 
before | ABCD _ 
after ABCDE _ 


Read Busy Flag 


‘When CSO—CS3 = High, R/W = High and E 
= High (RSO = ‘don't care’), the Busy/Ready © 


signal appears on DB7. 
DB 7 High: Busy 
_ Low: Ready 





Table 1 


tion frequency = 200 kHz) 


Min Max Unit 
Display clear 2.0 2.05 ms 
Other operations 50 100 “Ss 


(depends on the operating frequency) 


Time Length of Busy (oscilla- 
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HD43160AH 


Interface to External ROM 


1. Example 


Character 


Address 
- code 


HD43160A ” X6 External ROMS 


ROM . 1: Ext. 
O: Int. 


*%A is used as the 
precharge signal for 
dynamic ROM if nec- 
essary. 





Figure 9 Interface to External ROM 


2. Row code 


Row. code | 


0102030405 Y3  Y2 


zg 
< 
Oo 


Row code 


Y2 Y1 YO 


< 
W 


01 02 03 0405 


0 
0 
0) 
oO. 
0 
O - 
0 
0 
1 
1 
1 
1 


oo oooo7d 8} 
- Oo -90 0 0 
oooonfr awa me HW OOO 8 
~- O0-"-.002 00 
-0O0O-0d0;o0+0+ 02+ 0 


(Cursor) 


5 x 7+ Cursor : 5x 11+ Cursor 





Figure 10 Row Code 
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HD43160AH 


3. Timing chart 


Effective data 





| Figure 11 Display Timing 
Interface to LCD Drivers 


1. Example 


Common 
signals Liquid crystal display 


Segment signals 
Y21-Y40 Y1-Y20 
V1-V6 
FCS 
SHL1 
SHL2 


DLI1 
ie BD 
FLM 
Es 


HD44100H 


D 

HD43160AH c¢ 11 
CL2 

M 





Figure 12 Interface to HD44100H 
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- HD43160AH_ 





2. Waveforms (5 X 7 + Cursor 1 line) 


Enlarged 


FLM ee ee ea 


SS ER SHER ERED ee ES 


One row of a character . 





One row of 80 characters (400 dots) 


Figure 13. Timing 
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HD43160AH 


Dot Matrix Liquid Crystal Display 
System | 


GND OVG@ 





Figure 14. Typical Application 5 < 7 + Cursor, 2 Lines, 40 Characters 
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HC D44780, Hi D44780A——__— 
(LCD-II) | 


(Dot Matrix Liquid Crystal Display 
Controller & Driver) 





Description Pin Arrangement | 


The LCD-II (HD44780, HD44780A) dot matrix 
liquid crystal display controller & driver LSI 
displays alphanumerics, kana characters, and 
symbols. It drives a dot matrix liquid crystal | 
display under 4-bit or 8-bit microcomputer or 
microprocessor control. All the functions 
required for dot matrix liquid crystal display 
drive are internally provided on one chip. The 
user can complete dot matrix liquid crystal 
display systems with low chip count by using 
the LCD-II (HD44780, HD44780A). 

If an HD44100H driver LSI is connected to the 
HD44780, up to 80 characters can be dis- 
played. 

The LCD-II is produced by the CMOS process. 
Therefore, the combination of the LCD-II with 
a CMOS microcontroller or microprocessor 
can complete a portable battery-driver 
device with low power dissipation. 


ae) 
> Za 





Feautures | | | (FP-80) 
_ (Top View) 
@ 5x7 ae4 5 x 10 dot matrix liquid crystal | 
. display controller driver 
@ Capable of interfacing to 4-bit or 8-bit 
MPU 
@ Display data RAM: 80 x 8 bits 
| (80 characters, max.) 
@ Character generator ROM: | 
—Character font 5 x 7 dots: 160 charac- 
ters 
-—Character font $ x 10 dots: 32 charac- 
ters 
@ Character generator RAM 
—Character font 5 x 7 dots: 8 characters 
—Character font 5 x 10 dots: 4 characters 
@ Both display data and character genera- 
tor RAMs can be read from the MPU 
@ Internal liquid crystal display driver: 
—16 common signal drivers 
—40 segment signal drivers (Can be 
externally extended to 360 segments 
by liquid crystal display driver 


~ HD44100H) | | 
@ Duty factor (selected by program): (FP-80A) 





—1/8 duty: 1 line of 5 x 7 dots + cursor (Top View) 
—1/11 duty: 1 line of 5 x 10 dots + cursor en 
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—1/16 duty: 2 line of 5 x 7 dots + cursor 


HD44780, HD44780A (LCD-II) 


(External clock operation possible) 





@ Wide range of instruction functions: @ CMOS process 
Display clear, Cursor home, Display on/ @ Logic power supply: 
off, Cursor on/off, A single +5 V (excluding power ibe 
Display character blink, Cursor shift, liquid crystal display drive) 
Display shift @ Operation temperature range: 
@ Internal automatic reset circuit at power —20 to +75 (Device for —40 to +85°C 
on (Internal reset circuit) available upon request) 
@ Internal oscillation circuit @ 80-pin plastic OFP (FP-80, FP-80A) 
(with external resistor or ceramic filter) 80-pin thin plastic OQFP (TFP-80: under 
development) 
Maximum Number of Display Characters 
No. of 
Display Duty No. of Display 
Lines Factor Extension LCD-II HD44100H Characters 
1-line © 1/8 Not 1 — 8 characters x 1 line 
display 1/11 provided 
: duty Porovided 1 9 80 characters x 1 line 
cycle (8 characters/each) 
~2-line 1/16 ‘Not 1 — 8 characters x 2 lines 
display duty provided 
| cycle Provided 1 4 40 characters x 2 lines 


(8 characters x 2 lines/each) 





Ordering Information 


Type No. : Operation Frequency 
HD44780SA**H | 

HD44780SA* *FH 1.0 MHz 
HD44780SA* * TF 


HD44780SA**FA =—<“C—~SsC«~<CS MKz——~—<“‘i‘;OOCOCOC*;*#‘#SO-Pinpastic OF (FP-80) 2 


Note: ** = ROM Code No. 


HITACHI | 
Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300 115 


Package 
80-Pin plastic QFP (FP-80) 
80-Pin plastic QFP (FP-80A) 


80-pin thin plastic QFP (TFP-80: 


under development) 
80-Pin plastic QFP (FP-80) 








HD44780, HD44780A (LCD-II) 


Block Diagram (LCD-II Interior) 


_ © ~ 
2 3 
o ra 
Ze fl 
- A S Lag 
5Os 5 g 
O ” Q 
os) ; 
: g 
Common Signal Segment Signal -. 
o Driver. ; Driver ” 
! % 
= g g 
16-bit Shift 40-bit £ 
Register Latch Circuit ” 
Cursor Blink g 


Control Circuit 









Cc 
2 
-s 

£ 

® 

Cc 

® 
oO 

Dd 
. 
A= 
j- 














Generator 
7200 bits 





Character 





Display Data 
RAM 

(DD RAM) 
80 x8 bits 









Counter(AC) 















(Parallel Data — Serial Data 








r 

es 

O° 

tele = we O 

22 = 2 Ee 

QO 40] vom ® fo) 

© & c a ~”.2 

N SeESUON a8 

= ®d O= = g 

. oo —- i [y>] c 

Instruction =5 

Decoder 0. © 

0 

Instruction 





| Busy 
Flag — 


Register (IR) 


Data 
Register (DR) 
00 © 
| «I/O Buffer 


+ vw | 
933 o os sss 
82 7) 
$388 224.88 ee 
ao 8 of ¢ 2 
aa) QO 35 Fea) 
as ay 
2384 
ar 
a2oo 
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__HD44780, HD44780A (LCD-II) 


Electrical Characteristics 
Absolute Maximum Ratings 


Item Symbol Limit | Unit | Note 
Power Supply Voltage (1) Vec -0.3 to +7.0 V 

Power Supply Voltage (2) V1 to V5 Vec— 13.5 to Vec+0.3 V 3 
Input Voltage Vr —0.3 to Vec+0.3 Vv 

Operating Temperature Topr -—20 to +75 2G 

Storage Temperature Tstg —55 to +125 st & 


Note 1: If LSI’s are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristic limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 

Note 2: All voltage values are referenced to GND = OV. 

Note 3: Applies to V1 to V5. Must maintain Vcc 2 V1 2 V2 = V3 2 V4 2 V5 

| (high <— — low) 
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‘HD44780, HD44780A (LCD-II) 


Electrical Characteristics 
(Vcc = 5 V + 10%, Ta = —20 to +750) 


Vec — Vs 


7 
The conditions of Vi, Vs voltages are for i x: @= 
proper operation of the LSI and not for the V; =Vec — Vi 
LCD output level. The LCD drive voltage — ® | @21. BV 
condition for the LCD output level i is specified | —* @s0.25x® 
in “ ” . Vg 
LCD voltage Vicp”. : 
HD44780 Limit | 
item Symbol Min Typ Max Unit Test Condition _— Note 
Input High Voltage (1) = Vina 2.2 — £Ve. Vv (2) 
Input Low Voltage (1) Vit -0.3 —- 06. V (2) 
Output High Voltage (1) Vow 2.4 = — V —lon = 0.205 mA (3) 
(TTL) 
Output Low Voltage (1) Vous — — 0.4 V lo. = 1.2 mA (3) 
(TTL) | 
Output High Voltage (2) Von2 0.9Vcc = = V —lon = 0.04 mA (4) 
(CMOS) | 
Output Low Voltage (2) Vo12 a: == 0.1Vecc V Lo. = 0.04 mA (4) 
(CMOS) | 
Driver Voltage Descend- Vcom = = 2.9 Vv Id=0.05 mA (10) 
ing (COM) : 
Driver Voltage Descend- Vsecg — a 3.8 V id=0.05 mA (10) 
ing (SEG) ) 
Input Leakage Current le —1 — 1 nA Vin = O to Vcc (5) 
Pull-Up MOS Current —Ip 50 125 250 tA Vec = 5 V 
Power Supply Current (1) Icc: oes 0.55 0.8 mA Ceramic filter (6) 
oscillation 
Vec = 5 V, fose = 
250 kHz | 
Power Supply Current (2) Icc2 — 0.35 0.6 mA _ Rf oscillation (6) 
~ External clock 
operation (11) 
Vcc = 5 V, fosc = 
fop = 270 kHz 
External Clock Operation: ee caceneeceesucasetesstesseessessesecetesseststestssetstseseneseeneese, 
External Clock Frequency  fep 125 250 350 kHz > (7) 
External Clock Duty Cycle Duty 45 50 55 % | (7) 
External Clock Rise Time  trep — — 0.2 us (7) 
External Clock Fall Time _ttcp ad = 0.2 HS (7) 
Input High Voltage (2) Vinn2 Vec - 1.0 — Vee 60V | | (12) 
Input Low Voltage (2)  Vi2 — | — 1.0 V . (12) 
Internal Clock Operation (Rf oscillation) cc cenesnstesenesesseneaseseenessneenenenesnenees 
Clock | Cecillation Fre- fosc 190 270 #350 kHz RF =91kQO+ 2% (8) 
quency i 
Internal Clock Operation (Ceramic filter oscillation) cc ceceneneeeneneteneeeeeseeneee. 
Clock Oscillation Fre- fosc 245 250 255 . kHz _ Ceramic filter (9) 
quency | | 
LCD Voltage Vicp1 — 4.6 — 11 V Vec -— V5 1/5 bias (13) 
Vicp2 3.0 — 11 V 1/4 bias (13) 
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HD44780, HD44780A (LCD-II) | 








HD44780A 
Limit 
item Symbol Min Typ Max Unit Test Condition Note 
Input High Voltage (1) Vin1 2.2 _ Vec Vv (2) 
input Low Voltage (1) Vii -0.3 — 0.6 V (2) 
Output High Voltage (1) Voi 2.4 — — V —lon = 0.205 mA (3) 
(TTL) | 
Output Low Voltage (1) Vou — —_ 0.4 V lo. = 1.2 mA (3) 
(TTL) 
Output High Voltage (2) VonHa2 0.9Vcc _ — V —low = 0.04 mA (4) 
(CMOS) | | 
Output Low Voltage (2) Vo.2 = = 0.1Vcc V Lo. = 0.04 mA (4) 
(CMOS) | 
Driver Voltage Descend- Vcom — — 2.9 V Id = 0.05 mA (10) 
ing (COM) | 
Driver Voltage Descend- Vsec = — 3.8 V Id = 0.05 mA (10) 
ing (SEG) 
Input Leakage Current | lie —1 — 1 LA Vin = O to Vcc (5) 
Pull up MOS Current —Ip 50 125 250 uA Vec = 5V 
Power Supply Current (1) Icc1 — 0.55 0.8 mA _ Ceramic filter (6) 
oscillation 
Vec = 5 V, fosc = 
250 kHz 
Power Supply Current (2) Icc2 = 0.35 0.6 mA _ Rf oscillation (6) 
External clock 
operation . (11) 
Vcc = 5 V, fosc = 
foo = 270 kHz 
PX PerTal CISC OPOT RON aie ssh ay Sos tbat tied ice hate Maat Nase RII it a Dene Dales sts, 
External Clock Frequency fep 125 250 350 kHz (7) 
External Clock Duty ~ Duty 45 50 ~ 65 % (7) 
External Clock Rise Time __ trep | was = 0.2 “us (7) 
External Clock Fall Time _trep = = 0.2 us (7) 
Input High Voltage (2) Vin2 Veco - 1.0 — Vec Vv. (12) 
Input Low Voltage (2) Vit2 — — 1.0 V (12) 
Internal Clock Operation (Rf oscillation) eee 
Clock Oscillation Fre- fosc 190 270 350 kHz Rf = 91 kQ+2% (8) 
quency — 
Internal Clock Operation (Ceramic filter oscillation) eee teneeeeen 
Clock Oscillation Fre- fosc 245 250 255 kHz Ceramic filter (9) 
quency | 
LCD Voltage Vico1 4.6 — 11 Vv Vec - V5 1/5 bias (13) 
Vicp2 3.0 — 11 V 1/4 bias (13) 
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Notes: 1. The following are |/O terminal configurations except for liquid crystal display output. 


+ Input Terminal : oe Applicable Terminals: RS, R/W 
Applicable Terminals: E (MOS with pull. up) 
(MOS without pull up) : 


Vec | Vec Vec 
PMOS PMOS 
NMOS | ~ MI p AOS NMOS 


* Output Terminal 
Applicable Terminals: CL,, CL2, M, D 





Vec 


PMOS 


NMOS 


- 1/0 Terminal 7 ? 
Applicable Terminals: DBo to DB7 


Vec (Pull Up MOS) Vgc 


Enable 


Data 





(Output Circuit) 
(Three state) 


Input terminals and /O terminals. Excludes OSC; terminals. 


Notes: 2. 

Notes: 3. 1[/O terminals. 

Notes: 4. Output terminals. 

Notes: 5. Current flowing through pull-up MOSs and output drive MOSs is excluded. 

Notes: 6. Input/output current is excluded. When cmos input is at an intermediate level, excessive current 


flows through the input circuit to the power supply. To avoid this, input level must be fixed at high 
or low. | . 
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Notes: 7. 


0.7Vcc 
0.5Vec 
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External clock operation. 


Open OSC, 
Th Ti 


Duty cycle = —_ xX 100% 


0.3Vec 


Notes: 8. 


Notes: 9. 


Notes: 10. 


Internal oscillator operation using oscillation resistor Rf. 


Osc, 
R, Re: 91 kQ + 2% 
OSC, 


Since oscillation frequency varies depending on OSC; and OSC 2 terminal capacitance, wiring length 
for these terminals should be minimized. | 





internal oscillator operation using a ceramic filter. 


Ceramic filter: CSB250A (Murata) 
Re: 1MQ + 10% | 
C;: 680 pF + 10% 

C2: 680pF + 10% 

Rg: 3.3kQ + 5% 





Applies to both Vcom and Vsec voltage drops. 

Vcom: From power supply terminal Vcc, Vi, V4, Vs to each common signal terminal 
(COM; to COM) 

Vsec: From power supply terminal Vcc, V2, V3, Vs to each segment signal terminal 
(SEG; to SEGao) 
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Notes: 11. Relation between operation frequency and current consumption is shown in this diagram (Vcc = 5 
V). ‘ | 


lec2 
(mA) 





100 200 300 400 500 
fosc or fcp (kHz) 


Notes: 12. Applied to OSC; terminal. 
Notes: 13. The condition for COM pin voltage drop (Vcom) and SEG pin voltage drop (Vsec). 
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Timing Characteristics 


Write Operation 


tan 
\ 


eRenEee 


Valid Data Vint 
Vu 


) 


: : Vin 


Figure 1 Bus Write Operation Sequence 
(Writing data from MPU to LCD-II) 





Read Operation 





Figure 2 Bus Read Operation Sequence © | 
(Reading out data from LCD-II to MPU) 
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Interface Signal with Driver LSI HD44100H 


0.9Vec 0.9Vec 
towH nae 


tesu 
O. 9Vcc ——, 9Vec 


0.1Vec on (0. 1Nec 


{0.2Vec 0. Ver 
‘0. Voc 0. =O. 


tsu 





Figure 3 Sending Data to Driver LSI HD44100H 
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Bus Timing Characteristics (Vee = 5.0 V + 10%, GND = 0 V, T. = —20 to +75°C) 
_HD44780 | | | _ 


Write Operation (Writing data from MPU to LCD-II) 





Limit 
item Symbol Min Max Unit Test Condition 
Enable Cycle Time teycE 1000 — ns Fig. 1 
Enable Pulse Width High PWen 450 —_ ns Fig. 1 
level 
Enable Rise/Fall Time ter, ter — 25 ns Fig. 1 
Address Set-up Time RS, R/W tas 140 — ns Fig. 1 
E 
Address Hold Time taH 10 == ns Fig. 1 
Data Set-up Time tosw 195 —_— ns Fig. 1 
Data Hold Time tH 10 cas ns Fig. 1 
Read Operation (Reading data from LCD-II to MPU) 
Limit 
item Symbol Min Max Unit Test Condition 
Enable Cycle Time  teycE 1000 — ns Fig. 2 
Enable Pulse Width High PWen 450 == ns Fig. 2 
level 
Enable Rise/Fall Time : ter, ter _ 25 ns Fig. 2 
Address Set-up Time RS, R/W tas 140 — ns Fig. 2 
| E 
Address Hold Time tan 10 = ns Fig. 2 
Data Delay Time topr ae 320 ns Fig. 2 
Data Hold Time toHR | 20 ~— ns Fig. 2 
HD44780A 
Write Operation (Writing data from MPU to LCD-II) 
Limit 
item . | Symbol Min Max Unit Test Condition 
Enable Cycle Time i teycE 666 — ns Fig. 1 
Enable Pulse Width High — PWey 300 — ns Fig. 1 
level 
Enable Rise/Fall Time ter, tes | — 25 ns Fig. 1 
Address Set-up Time RS, R/W tas 60*' — ns Fig. 1 
E 100*2 — ns 
Address Hold Time taH 10 —_ ns Fig. 1 
Data Set-up Time tpsw 100 — ns Fig. 1 
Data Hold Time ty 10 ae ns Fig. 1 
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Read Operation (Reading data from LCD-II to MPU) | 


Limit 
Item Symbol Min Max Unit Test Condition 
Enable Cycle Time toycE 666 — ns Fig. 2 
Enable Pulse Width High PWen 300 _ ns Fig. 2 
level 
Enable Rise/Fall Time | ter, ter — 25 ns Fig. 2 
Address Set-up Time. RS, R/W tas 60*1 Fig. 2 
3 E toowr)7FSFSC~=<CS SS 
Address Hold Time tan 10 — ns Fig. 2 
Data Delay Time topr = 190 ns Fig. 2 
Data Hold Time toHR 20, — ns Fig. 2 
Notes: *1. 8-bit interface mode 
*2. 4-bit interface mode 
Interface Signal with HD44100H Timing Characteristics 
(Vcc = 5.0 V = 10%, GND = 0 V, T. = —20 to +75C) 
HD44780 
Limit 
item & Symbol Min Max Unit Test Condition 
Clock Pulse Width | High ~ tewH s00_ — ns Fig. 3 
level 
Clock Pulse Width Low tcwL 800. — ns Fig. 3 
: . level 
Clock Set-up Time tcsu | 500 _ ns __ Fig. 3 
Data Set-up Time | | tsu 300 — ns Fig. 3 
Data Hold Time ton 300 — ns Fig. 3 
M Delay Time tom ~1000 1000 ns Fig. 3 
- HITACHI | | 
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HD44780A 
Limit | 
item Symbol Min Max Unit Test Condition 
Clock Pulse Width High tcwH 800 — ns Fig. 3 
level 
Clock Pulse Width Low tewL 800 _ ns Fig. 3 
level 
Clock Set-up Time tcsu 500 ae ns Fig. 3 
Data Set-up Time tsu 300 = ns Fig. 3 
Data Hold Time tox 300 — ns Fig. 3 
M Delay Time tom -1000 1000 ons Fig. 3 
Notes: 
Loading Circuit (TTL Load): DBo to DB7 
HD44780 5.0V HD44780A 5.0V 
Ri = 2.4kQ Ri. = 10kQ 
Test Point Test Point 
Cc R 

C=130pF + C=50 pF 

R=11kQ R=20kQ 

All Diodes: 1$2074@ All Diodes: 1$2074@ 


Loading Circuit (CMOS Load): CL:, ClLz, D, M 


Test — of 
30 pF 





IK 
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Power Supply Conditions Using Internal Reset Circuit 


LCD-II 

Limit a 
Item Symbol Min Max Unit  =— Test Condition 
Power Supply Rise Time tree 0.1 10 ms — 
Power Supply OFF Time torr 1 — ms — 


Since the internal reset circuit will not oper- 
ate normally unless the preceding conditions 
are met, initialize by instruction. (Refer to 
“Initializing by Instruction”) 





Vec 


0.1 ms 2 tree 2 10Ms torr 2 1ms 


(Note) tor stipulates the time of power off for momentary power supply 
dip or when power supply cycles on and off. 





Figure 4 Internal Power Supply Reset 
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Terminal Function 


Table 1. Functional Description of Terminals 


Signal No. of Input/ Connected 





Name Lines Output to Function 
RS 1 Input MPU Signal to select registers. 
O: Instruction register 
(for write) 
Busy flag: address counter 
(for read) 
1: Data register (for read and write) 
R/W 1 Input MPU Signal to select read (R) and write (W). 
0: Write 
1: Read 
E | 1 Input MPU Operation start signal for data read/write. 
DB.4-DB7 4 input/ MPU Higher order 4 bidirectional three-state data bus lines. 
Output Used for data transfer between the MPU and the LCD- 
| lil. DB7 can be used as a BUSY flag. 
DBo-DB3 - 4 Input/ . MPU ‘Lower order 4 bidirectional three-state data bus lines. 
Output Used for data transfer between the MPU and the LCD- 
ll. These four are not used during 4-bit operation. 
CL, 1 Output HD44100H Clock to latch serial data D sent to the driver LSI 
HD44100H. 
Clo 1 Output HD44100H Clock to shift serial data D. 
M 1 Output HD44100H Switch signal to convert liquid crystal drive waveform 
to AC. | 
D 1 Output HD44100H Sends character pattern data corresponding to each 
common signal serially. 
O: Non selection 
1: Selection 
COM,-COMi¢ 16 Output Liquid Common signals that are not used are changed to non- 
, crystal selection waveforms. That is, COM g-COMi¢ are non- 
display selection waveforms at 1/8 duty factor, and COM12- 
~COMie are non-selection waveforms at 1/11 duty 
factor. 
~SEG1-SEGap «40 Output Liquid — Segment signal. | 
crystal / 
display 
Vi-Vs5 5 ; Power Power supply for liquid crystal display drive. 
supply | 
Vcc, GND 2 Power Vec: +5 V, GND: OV.- 
supply 3 
OSC1, OSC2 2 Terminals connected to resistor or ceramic filter for 
| internal clock osillation. 
For external clock operation, the clock is input to 
OSC). a 
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Function Of Each Block 


Register 


The HD44780 has two 8-bit registers, an 
instruction register (IR), and a data register 
(DR). 

The IR stores instruction codes such as dis- 
play clear and cursor shift, and address 
information for display data RAM (DD RAM) 
and character generator RAM (CG RAM). The 
IR can be written from the MPU but not read 
by the MPU. 

The DR temporarily stores data to be written 
into the DD RAM or the CG RAM and data to 
be read out from DD RAM or CG RAM. Data 
written into the DR from the MPU is auto- 
matically written into the DD RAM or the CG 
RAM by internal operation. The DR is also 
used for data storage when reading data is 
-read from the DD RAM or the CG RAM. When 
address information is written into the IR, 
data is read into the DR from the DD RAM or 
the CG RAM by internal operation. Data 
transfer to the MPU is then completed by the 
MPU reading DR. After the MPU reads the DR, 
data in the DD RAM or CG RAM at the next 
address is sent to the DR for the next read 


Table 2 Register Selection 


RS R/W Operation 
IR write as internal operation (Display 


> clear, etc.) 

0 , Read busy flag (DB7) and address 
counter (DBo-DBe) 

—_ DR write as internal operation (DR to DD 
or CG RAM) 

1 1 DR read as internal operation (DD or CG 
RAM to DR) 


from the MPU. Register selector (RS) signals 
make their selection from these two registers. 


Busy flag (BF) 


When the busy flag is 1, the HD44780 is in the 7 
internal operation mode, and the next 


- instruction will not be accepted. As table 2 


shows, the busy flag is output to DB7 when RS 
= 0 and R/W = 1. The next instruction must 
be written after ensuring that the busy flag is 
0. 


Address counter (AC) 


The address counter (AC) assigns addresses 
to DD and CG RAMs. When an instruction for 
address is written in IR, the address informa- 
tion is sent from IR to AC. Selection of either 
DD or CG RAM is also determined concur- 
rently by the instruction. 

After writing into (or reading from) DD or CG 
RAM display data, AC is automatically in- 
cremented by +1 (or decremented by —1). AC 
contents are output to DBo - DBs when RS = 0 
and R/W = 1, as shown in table 2. 
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Display data RAM (DD RAM) 


The display data RAM (DD RAM) stores dis- 
play data represented in 8-bit character 
codes. Its capacity is 80 x< 8 bits, or 80 char- 
acters. The display data RAM (DD RAM) that 
is not used for display can be used as a gen- 


x Upper Order 
Bits 


'HD44780, HD44780A (LCD-II) 


eral data RAM. Relations between DD RAM 
addresses and positions on the liquid crystal 
display are shown below. 

The DD RAM address (App) is set in the 
address counter (AC) and is represented in 
hexadecimal. 


Lower Order 
Bits 


ne [essa ico 


\.. Hexa 
decimal 


— tt Hexadecimal —~ 


(Example) DD RAM address 4E 


— 4. ——__/ \____ E NER UEEEY | 


1-Line Display (N = 0) 

1. When there are fower than 80 display 
characters, the display begins at the head 
position. For example, 8 characters using 


1 HD44780 are displayed as: 


(digit) 1 2 3 4 § | 19: 80; 2. Ser 
Position 
vie [oo Jou Joe Yoo Joe [Tur] ] + co 
Address 
(digit) 12 3 4 56 6 7 < Display 
Position 
vine [00 Jor Joe Jos Jos Jos foe Jo7 |+ on nan 


When the display shift operation is per- 
formed, the DD RAM address moves as: 


Address 


(Left 
sin [oi [oe [os [os [os [oso [ow 
Display) 


(Right 


swt | 4F | 00 | 01 | 02 | a2 | 4 | 05 | 06 
Display) 
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2. 16-character display using an HD44780 
and an HD44100H is as shown below: 


(digit) 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 + Display 
Position 


ne nf] n=] = oro oo] ofr] ~ so a 
Address 


\——- D44780 Display -———‘—~ HD44100H Display —~ 


When the display shift operation is per- 
formed, the DD RAM address moves as: 


(Left 
Shit Crt eS dl ond a a a an 





pues 
} 
Shift 4F [00 02 07 oa|oB {oc 
Display) 
3. The relation between display position sion of 2. 
and DD RAM address when the number Since the increase can be 8 digits for each 
of display digits is increased through the additional HD44100H, up to 80. digits can 
use of one HD44780 and two or more be displayed by externally connecting 9 
HD44100H’s can be considered an exten- HD44100H’s. 
(digit) 12345 67 8 9 1011 121314151617181920: 737475 7677787980 + Display 
Position 
1-line * DD RAM 
Address 
L___ 444780 = \_ Hp44100H (1) JL aaa _ HD44100H (9) _| 
Displ | i 
isplay Display Display Display 
2-Line Display (N = 1) 
(digit) } + Display 
: f 3 - 5 | 39 40 Position 
1-line « DD RAM 
Address 
2-line . 
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1. When the number of display characters is start address are not consecutive. For 
less than 40 xX 2 lines, the 2 lines are example, when an HD44780 is used, 8 
displayed from the head. Note that the characters X< 2 lines are displayed as: 
first line end address and the second line 
(digit) 1 2 3 4 5 6 7 8g. « Display 

Position 
1-line + DD RAM 

Address 
2-line 





When display shift is performed, the DD 
RAM address moves as: 


(Left 
Shift 
Display) 


(Right 
Shift 
Display) 





2. 16 characters xX 2 lines are displayed 
when an nese and an HD44100H are 






used. 
(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 + Display 4 
Position 
sex fo os] [=o] = toa 
Address 
2-line 


Pl Kd ob ec Goda at a dd 


“——- HD44780 Display -—~/’\— HD44100H Display — 





When display shift is performed, the DD 
RAM address moves as follows: 












Pee CCCI CICA 
Shift - 
sg a dt af) Ee abd 
tigre [270001 [020 os [os [oe 7 [02 [oe | one [oc [on] oe 
Shift 
secit_[67] 4041 [oz [42] 4a [40 [a7 [4040 [4 a0 ac] 0a 
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3. The relation between display position 


and DD RAM address when the number 


of display digits is increased by using one © 


HD44780 and two or more HD44100H'’s, 
can be considered an extension of 2. 


(digit 123 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 


nso 23] ~~ po spe 
ee nese neces | ~~ ooh 







1-line 


2-line 


Since the increase can be 8 digits <x 2 
lines for each additional HD44100H, up to 
40 digits 2 lines can be displayed by con- 
necting 4 HD44780’s externally. 


33 34 35 36 37 38 39 40 « Display 
position 
«DD RAM 
address 
(Hexade- 

cimal) 





| _ 4D44780 [|__ HD44100H(1) ait HD44100H || _HD44100H(4) | 


Display Display 


Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 
7 dot or 5 X 10 dot.character patterns from 8- 
bit character codes. It can generate 160 5 x 7 
dot character patterns and 32 5 x 10 dot 
character patterns. Table 3 shows the rela- 
tion between character codes and character 
patterns in the Hitachi standard 
HD44780A00. User defined character pat- 


terns are also available by mask-programmed 


ROM. 


(2), (3) 
Display 


Display 


Character Generator RAM (CG RAM) 


In the character generator RAM, the user can 
rewrite character patterns by program. With 
5 x 7 dots, 8 character patterns can be 
written and with 5 x 10 dots, 4 characters 
can be written. 

Write the character codes in the left column 
of table 3 to display character patterns stored 
in CG RAM. 

Table 4 shows the relation between CG RAM 
addresses and data and display patterns. 

As table 4 shows, an area that is not used for 
display can be used as a general data RAM. 
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Table 3 Correspondence between Character Codes and Character Pattern 
_ (Hitachi Standard HD44780A00) 


Higher 
Lower. bits | O000 0101 0111 1100 
4 bits 
CG - 
x x x x0000 a ia “1 


peewooo 1 2 UI TAIN Sila PR || Say 
poo @ "IRI 4 Mls S16 
wocwoon Bal] hen Sy THE]. ee 
evo © [SIRE Tals, UTE ILA 
-owe) # ESSE Le ual AFL S| 
nord “RIBIF WP Se 
noon 21? [FAST EE ETS rt 
ooo] AISA Er [ 
xxx xX1001 co] |tedy | ati ea TL ay 


ar it he te ae ~” 5 a 
eee 
f (ee ea ee Deal i : 













































of 
xxx xX 1010 ea” 
rr a . 
oF EIDE LA aE Io* | 
xxxx1011 | Se , na a s 
xx xx 1100 feta fe | Laer ee be Ee 
ool alee |= 
. 
7 
= we = s mare 
HITACHI 
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Table 4 Relation between CG RAM Addresses and Character Codes aia RAM) and 
Character Patterns (CG RAM Data) 7 


For 5 x 7 dot character patterns . 


Character Codes cies CG RAM Character Patterns [| 
{ _(DD RAM Data) Address Ss pee ea) 







Character 
Pattern 
Example (1) 


Cursor 
< Position 


Character 
Pattern 


0000%x* 00 1 Example (2) 


= 
i= = OO +--00 






Notes: 1. Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 types). 

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the cursor 
position and display is formed by logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the O state for 
cursor display. When the 8th line data is 1, bit 1 lights up regardless of cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure 
(bit 4 being at the left end). 

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data 
RAM. 

4. As shown in table 3, CG RAM character patterns are selected when character code bits 4- 
7 are all O. However, since character code bit 3 has no effect, the “R” display in the 
character pattern example is selected by character code “OO” (hexadecimal) or “08” (hex- 

adecimal). ) 

5. 1 for CG RAM data corresponds to display selection and O to non-selection. 
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For 5 x 10 dot character patterns 


5 4 
Higher 
Order 
Bits 


Character 
Pattern 
Example 


0000* 00 * 


Cursor 
< Position 


*No Effect 





Notes: 1. Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types). 

2. CG RAM address bits 0-3 designate character pattern line position. The 11th line is the 
cursor position and display is formed by logical OR with the cursor. 

Maintain the 11th line data corresponding to the cursor display position in the O state for 
cursor display. When the 11th line data is 1, bit 1 lights up regardless of cursor presence. 
Since the 12th-16th lines are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4-7 are all O. However, 
since character code bit O and 3 have no effect, “P” display in the character pattern example 
is selected by character codes “00”, “01”, “O08” and “O9” (hexadecimal). 

5. 1 for CG RAM data corresponds to display selection and O to non-selection. 


HITACHI 


Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 137 

















HD44780, HD44780A (LCD-II) 


Timing Generation Circuit 


The timing generation circuit generates tim- 
ing signals to operate internal circuits such as 
DD RAM, CG ROM, and CG RAM. RAM read 
timing needed for display and internal oper- 
ation timing by MPU access are separately 
generated so they do not interfere with each 
other. Therefore, when writing data to the 
DD RAM, for example, there will be no un- 
desirable influence, such as flickering, in 
areas other than the display area. This circuit 
also generates timing signals to operate the 
externally connected driver LSI HD44100H. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit con- 
sists of 16 common signal drivers and 40 
segment signal drivers. When character font 
and number of lines are selected by a pro- 
gram, the required common signal drivers 
automatically output drive waveforms, the 
other common signal drivers continue to 
output non-selection waveforms. 

The segment signal driver has essentially the 
same configuration as the driver LSI 
HD44100H. Character pattern data is sent 


AC6 AC5 AC4 AC3 AC2 AC1 ACO 


ud RRS RHEE 


In a 1]-line display 









serially through a 40-bit shift register and 
latched when all needed data has arrived. 
The latched data controls the driver for 
generating drive waveform outputs. The 
serial data can be sent to HD44100Hs, exter- 
nally connected in cascade, used for display 
digit number extension. . 
Serial data send always starts at the display | 
data character pattern corresponding to the 
last address of the display data RAM (DD 
RAM). 

Since serial data is latched when the display 
data character pattern corresponding to the 
starting address enters the internal shift reg- 
ister, the HD44780 drives the head display. 
The rest displays, corresponding to latter 
addresses, are added with each additional 
HD44100H. 


Cursor/Blink Control Circuit 


The cursor/blink control circuit generates the 
cursor or blink. The cursor or the blink appear 
in the digit at the display data RAM (DD 
RAM) address set in the address counter 
(AC). 

When the address counter is (08):6, the cursor 
position is: 


\ 





a4 Display 
(digit) 1 2 3 4 5 6 7 9 10 11 + Position 
| .. DD RAM 
Address 
(Hexadecimal) 
the cursor position 
In a 2~line display 
ae Display _ 
(digit) 1 2 3 4 5 6 7 8 9 10 +11 + Position 
io | DD RAM 
1st line : . 
00 | 04 | 2 | a3 | o« | 05 | 06 | 07 | ga | oe | on} ) + Naan 
Fi V, « 
and ing [40 | a1 | a2 | aa | a4 | a8 | a6 | a7(f | a0 | an] | eases 





the cursor position 


Note: The cursor or blink appears when the address counter (AC) selects the character generator RAM 
(CG RAM). But the cursor and blink are meaningless. 
The cursor or blink is displayed in the meaningless position when AC is a CG RAM address. 
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Interfacing To MPU 


In the HD44780, data can be sent in either 2 
4-bit operations or 1 8-bit operations so it can 
interface to both 4- and 8-bit MPUs. 


1. When interface data is 4-bits long, data is. 
transferred using only 4 buslines: DB,-DB 
7, DBo-DB3 are not used. Data transfer 
between the HD44780 and the MPU 


completes when 4-bit data is transferred 2. 


twice. Data of the higher order 4 bits 
(contents of DB4-DB 7 when interface data 
is 8 bits long) is transferred first, then the 


HD44780, HD44780A (LCD-II) 


lower order 4 bits (contents of DBo-DB3 
when interface data is 8 bits long) is 
transferred. 

Check the busy flag after 4-bit data has 
been transferred twice (one instruction). 
Two 4-bit operations will then transfer 
the busy flag and address counter data. 


When interface data is 8 bits long, data is 
transferred using the 8 data buslines 
DBo-DB7. 


pe, MX RT 1R3 XE EAC GED OR 7 GED ORG 


DB. SX Ro RZ QED ACO GED ACD GID ORC GD OLE 
DBs MX_TRS_TR1 GD ACOGEEDAC DGD ORS GD OF GE 
DB, 184 TRO QED AC2 QKACO GEE OR? GD HOE 


Instruction (IR) Busy Flag (BF) and 
Write Address Counter (AC) 
Read 





Data Register (DR) 
Read — 


Figure 5 4-Bit Data Transfer Example 
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Reset Function 
Initializing by Internal Reset Circuit 


The HD44780 automatically initializes (re- 
sets) when power is turned on using the 
internal reset circuit. The following instruc- 
tions are executed during initialization. The 
busy flag (BF) is kept in busy state until 


_ initialization ends (BF = 1). The busy state is 
10 ms after Vcc rises to 4.5 V. | 


1. Display clear 
2. Function set: 
DL = 1: 8 bit long interface data 

N = 0: 1-line display 

F = 0:5 X 7 dot character font 
3. Display on/off control: 

D = 0: Display off 

C = 0: Cursor off 

B = 0: Blink off 
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4. Entry mode set: | 
I/D = 1: +1 (increment) 
S = 0: No shift 


Note: When conditions in “Power Supply 
Conditions Using Internal Reset Circuit” 
are not met, the internal reset circuit will 
not operate normally and initialization 
will not be performed. In this case 
initialize by MPU according to “Initializ- 
ing by Instruction”. 


Initializing by Instruction 


If the power supply conditions for correctly 
operating the internal reset circuit are not 
met, initialization by instruction is required. 
Use the procedure in figures 6 and 7 for 
initialization. 
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Power on 


Wait more than 15 ms 
after Vcc rises to 4.5V 


RS R/W DB, DBs DB; DBy DB; DB, DB, DBo | BF cannot be checked before this instruction. 


000011 * * * *| Function set (Interface is 8 bits long.) 


Wait more than 4.1 ms 


RS R/W DB, DB, DB; DB, DB; DB, DB; DBo | BF cannot be checked before this instruction. 


000011 * * * * Function set (Interface is 8 bits long.) 


Wait for more than 100 us 


0000131 * * * * 


RS R/W DB, DB, DB; DB, DB; DB, DB, DBy | BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 





BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See table 5) 
Function Set (Interface is 8 bits long. 

RS R/W DB, DBs DBs DB, DB3 DB, DB; DBo Specifiy the number of display lines and 

0 0 N F * * character font.) 


Oo 1 1 
OO 00031000 The number of display lines and character font 
00 0000001 cannot be changed afterwards. 
10000000108 0 0000%1tI/DS Display off 


Display clear 


Initialization ends Entry mode set 





Figure 6 8-Bit Interface 
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2: 


Power on 


_ Wait more than 15 ms 


after Vcc rises to 4.5V 


RS R/W DB; DB, DBs DB, | BF cannot be checked before this instruction. 


000011 Function set (Interface is 8 bits long.) 


Wait more than 4.1 ms 


RS R/W DB; DBs DBs DB, BF cannot be checked before this instruction. 


00001 1 
Function set (interface is 8 bits long.) 


Wait for more than 1004s 


142 


RS R/W DB; DBg DBs DB, | BF cannot be checked before this instruction. 


00001 1 - 
Function set (Interface is 8 bits length.) 





BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See table 5) 







DB, DBs DB; 


of 
> 


o & 
=] 
viz 


Oo O/O O10 © 
{oO OJO O]= O/2 CFO 


Function Set (Set interface to be 4 bits long.) 
interface is 8 bits length. 


Function Set (Interface is 4 bits long. Specify 
the number of display lines and character font.) 
The number of display lines and character font 
cannot be changed afterwards. 


© 


Display off 


Oo OFO OO O]/0O SO 

= OFJO OF7O OLN OF O 
Ojo O;0O O;* ~j— 

om O;- OFO OF] * O 


io) 
— 
o 


Display clear 
Entry Mode Set 


Initialization ends 


Figure 7 4-Bit Interface 
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Instructions 
Outline 


Only two HD44780 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to 
internal operation start, control information is 
temporarily stored in these registers, to allow 
interface from HD44780 internal operation to 
various types of MPUs that operate in differ- 
ent speeds or to allow interface to peripheral 


control ICs. HD44780 internal operation is. 


determined by signals sent from the MPU. 

These signals include register selection sig- 

nals (RS), read/write signals (R/W) and data 

bus signals (OBo-DB7), and are here called 

instructions. Table 5 shows the instructions 

and their execution time. Details are ex- 

plained in subsequent sections. 

Instructions are of 4 types, those that, 

1. Designate HD44780 functions such as 
display format, data length, etc. 

2. Give internal RAM addresses 
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3. Perform data transfer with internal RAM 
4. Others 

In normal use, category 3 instructions are 
used most frequently. However, automatic 
incrementing by +1 (or decrementing by —1) 
of HD44780 internal RAM addresses after 
each data write lessens the MPU program 
load. The display shift especially can perform 
concurrently with display data write, ena- 


- bling the user to develop systems in mini- 


mum time with maximum programing effi- 
ciency. For an explanation of the shift func- 
tion in its relation to display, see table 7. 
When an instruction is executing during 
internal operation, no insruction other than 
the busy flag/address read instruction will be 
executed. . 

Because the busy flag is set to 1 while an 
instruction is being executed, check to make 
sure it is 1 before sending an instruction from 
the MPU. 7 


Notes: 1. Make sure the HD44780 is not in the busy state (BF = O) before sending the instruction 
from the MPU to the HD44780. If the instruction is sent without checking the busy flag, the 
time between first and next instructions is much longer than the instruction time. See table 
5 for a list of each instruction execution time. 

2. After execution of a CG RAM/DD RAM data write or read instruction, the RAM address 
counter is increased or decreased by 1. The RAM address counter is updated after the busy 


flag turns off. In figure 7 taop is the time elapsed after the busy flag turns off until the address 


counter is updated. 





Busy state 


Busy signal 
(DB; pin) 


Address counter 
(DBop to DBg pins) 


tapo 


tapp depends on the operation frequency 


tapp = 1.5/(fop or fosc) seconds 


Figure 8 Address Counter Update 
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Table 5 Instructions 


Execution Time 










1.64 ms 








40us 















40us 


pte 
40us 
40us 


oe 























Sets DD RAM address. DD RAM 
data is sent and recevied after this 
setting. 
Reads Busy flag (BF) indicating 
internal operation is being perfor- 
med and reads address counter 
contents. 

Writes data into DD RAM or CG 
RAM. 


= 
? (when fcp or 
Instruction R/ DB,./DBs|DB,4 DBo fosc is 250 kHz) 
Clear | Clears entire display and sets DD 1.64 ms” 
Display RAM address O in address counter. ; 
counter. Also returns display being 
shifted to original position. DD 
RAM contents remain unchanged. 
Sets cursor move direction and 
Entry specifies shift of display. These 
Mode Set 
data write and read. 
Display Sets ON/OFF of entire display (D), 
On/Off cursor ON/OFF (C), and blink of}. 40us 
Control cursor position character (B). 
Cursor or | Moves cursor and shifts display 
Display S/C} R/L without changing DD RAM con- 
Shift : 
: Sets interface data length (DL), 
eS _ DL F number of display lines (L) and 
character font (F). 
Sets CG RAM address. CG RAM 
ACG data is sent and received after this 
Set DD me a 
Address 
Read | 
Busy Flag BF ai AC 
& Address 
Write Data 
; 40us 
Read Data | Reads data from DD RAM or CG 40us 
from CG or Read Data RAM. oe is (Note 2) 
DD RAM AOD Bae 









Sets DD RAM address 0 tn address 
Return 
Home 
operations are performed during 
tents. 
Set CG RAM 
Address | setting. 
DD RAM 










































1/D = 1: Increment DD RAM: Display data RAM Execution time 

1/D = 0: Decrement CG RAM: Character generator changes when 

S = 1: Accompanies display shift RAM frequency changes 
$/C= 1: Display shift Acc: CG RAM address Example: 

S/C= 0: Cursor move App: DD RAM address: When fcp or fosc 
R/L = 1: Shift to the right Corresponds to cursor address | is 270 kHz: 

R/L = O: Shift to the left. AC: Adress counter used for both 250_ 

DL = 1: 8 bits, DL= 0: 4 bits DD and CG RAM address. | 40#8 X 579= 37x8 
N = 1: 2 lines, N= 0: 1 line | : 

F = 1: 5x10 dots, F= 0: 5x7 dots 

BF = 1: Internally operating 

BF = 0: Can accept instruction 


* No effect 
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Description of Details 


1. Clear Display 


RS R/W DB, 





DBo 


We TPS ERAT SIR N eres Sy 


Writes space code 20 (hexadecimal) 
(character pattern for character code 20 
must be blank pattern) into all DD RAM 
addresses. Sets DD RAM address 0 in 
address counter. Returns display to its 
original status if it was shifted. In other 


Return Home 


RS R/W DB, 





words, the display disappears and the 
cursor or blink go to the left edge of the 
display (the first line if 2 lines are dis- 
played). Set I/D = 1 (increment mode) in 
entry mode. S of entry mode doesn't 
change. 


DBy 


* Don’t care 


Sets the DD RAM address 0 in address 
counter. Returns display to its original 
status if it was shifted. DD RAM contents 
do not change. 


Entry Mode Set 


RS R/W DB, 





The cursor or blink go to the left edge of 
the display (the first line if 2 lines are 
displayed). 


DBo 


« PPP bP PPh 


I/O: Increments (I/D = 1) or decrements 

(I/D = 0) the DD RAM address by 1 
when a character code is written 
into or read from the DD RAM. 
The cursor or blink moves to the 
right when incremented by 1 and to 
the left when decremented by 1. 
The same applies to writing and 
reading of CG RAM. 


S: Shifts the entire display either to 

the right or to the left when S is 1; to 
the left when I/D = 1 and to the 
right when I/D = 0. 
Thus it looks as if the cursor stands 
still and the display moves. The 
display does not shift when reading 
from the DD RAM when writing 
into or reading out from the CG 
RAM causes a shift when S = 0. 
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4. Display On/Off Control 


RS R/W DB, 








DBo 


PPP Prr rr ll 


The display is on when D = 1 and off 
when D = 0. When off due to D = 0, 
display data remains in the DD 
RAM. It can be displayed instantly 
by setting D = 1. 
The cursor is displayed when C = 1 


and is not displayed when C = 0. 


Even if the cursor disappears, the 
function of I/D, etc. does not change 


during display data write. The cur-_ 


sor is displayed using 5 dots in the 
8th line when the 5 X 7 dot charac- 
ter font is selected and 5 dots in the 
11th line when the 5x 10 dot char- 


acter font is selected (Figure 9). 

The character indicated by the cur- 
sor blinks when B = 1 (Figure Q). 
The blink is displayed by switching 
between all blank dots and display 
characters at 409.6 ms intervals 
when fcp or fosc = 250 kHz. The 
cursor and the blink can be set to 
display simultaneously. (The blink 
frequency changes according to 
the reciprocal of fep or fosc. 406.9 x 
23> = 379.2 ms when fep = 270 


kHz.) 


6 a A-i 
oes | zee 


coop 
Cursor 
5 < 7 dot character font 


5 x 10 dot character font Alternating display 


Cursor Display Example Blink Display Example 





Figure 9 Cursor and Blink 
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5. 


Cursor or Display Shift 


RS R/W DB; 
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DBo 


noe: Tere eerste 
: * Don't care 


Shifts cursor position or display to the 
right or left without writing or reading 
display data (Table 6). This function is 
used to correct or search for the display. 


_ Ina 2-line display, the cursor moves to the 


2nd line when it passes the 40th digit of 
the ist line. Notice that the 1st and 2nd 
line displays will shift at the same time. 
Function Set 


RS R/W DB, 





When the displayed data is shifted 
repeatedly each line only moves horizon- 
tally. The 2nd line display does not shift 
into the 1st line postion. 

Address counter (AC) contents do not 
change if the only action performed is 
display shift. 


DBo 


cae Jofofolo|sjmjyjri+i*| io, 
* Don't care 


DL: Sets interface data length. Data is 


sent or received in 8 bit lengths 
(DB7-DBo) when DL = 1 and in 4 bit 
lengths (DB7-DBa) when DL = 0. 





Note: Perform the function at the head of the program before executing any instructions 
(except “Busy flag/address read”). From this point, the function set instruction 
cannot be executed unless the interface data length is changed. 


When the 4 bit length is selected, 
data must be sent or received twice. 
N: Sets number of display lines. 
F: Sets character font. 









Table 6 Shift Function 


s/C R/L . 
0) 0) Shifts the cursor position to the left. 
-(AC is decremented by one.) 
0 1 Shifts the cursor position to the right. 


1 


1 


(AC is incremented by one.) 


0 Shifts the entire display to the left. The 


cursor follows the display shift. 


1 Shifts the entire display to the right. 
The cursor follows the display shift. 


Table 7 Function Set 


Character 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1 819 ¢ (415) 589-8300 147 


EET ta, 


No. of Duty 
N F Display Lines Font Factor 
-O °9O 1 5 x 7 dots 1/8 
0 1 1 ) 5 x 10 dots 1/11 
1 * 2 5 x 7 dots 1/16 
* Don’t care 
HITACHI 


Remarks 


Cannot display 2 lines with 5 x 10 dot char- 
acter font 
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7. 


10. 


148 


Set CG RAM Address 


RS R/W DB, 








— Higher 
Order Bits 


Sets the CG RAM address binary 
AAAAAA into the address counter. 


Set DD RAM Address 


RS R/W DB, 





' Lower 
Order Bits . 


Data is then written or read from the MPU 
for the CG RAM. 





Higher 


Order Bits 


Sets the DD RAM address binary 
AAAAAAA into the address counter. 


- Data is then written or read from the MPU 


for the DD RAM. 
However, when N = 0 (1-line display), 


-Read Busy Flag and Address 


RS R/W DB, 
Code 


«— Higher 


Order Bits 


Reads the busy flag (BF) that indicates 
that the system is now internally operat- 
ing on a previously received instruction. 
BF = 1 indicates that internal operation is 
in progress. The next instruction will not 
be accepted until BF isset to 0. Check the 
BF status before the next wire operation. 


Write Data to CG or DD RAM 


RS R/W DH; 








Lower 
Order Bits 


AAAAAAA can be 00-4F (hexadecimal). 
When N = 1 (2-line display), AAAAAAA 
can be 00-27 (hexadecimal) for the first 
line, and 40-67 (hexadecimal) for the 
second line. 


DBo 





Lower 
Order Bits 


At the same time, the value of the 
address counter expressed in binary as 
AAAAAAA is read out. The address 
counter is used by both CG and DD RAM 
addresses, and its value is determined by 
the previous instruction. Address con- 
tents are the same as in items 7 and 8. 


DBo 


ie Tere eres sees, 6 


Higher 
Order Bits 


Writes binary 8-bit data DDDDDDDD to 
the CG or the DD RAM. 

Whether the CG or DD RAM is to be 
written into is determined by the previ- 
ous specification of CG RAM or DD RAM 


Lower 
Order Bits 


address setting. After write, the address 
is automatically incremented or de- 
cremented by 1 according to entry mode. 
The entry mode also determines display 
shift. 
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11. Read Data from CG or DD RAM 


Note: 


RS R/W DB, 





DBo 


WN: TSEC eee 


Higher 
_ Order Bits 


Reads binary 8-bit data DDDDDDDD from 
the CG or DD RAM. 

The previous designation determines 
whether the CG or DD RAM is to be read. 
Before entering the read instruction, you 
must execute either the CG RAM or DD 
RAM address set instruction. If you don't, 
the first read data will be invalidated. 
When serially executing read_instruc- 
tions, the next address data is normally 


read from the second read. The address 
set instruction need not be executed just 





Lower 
Order Bits 


before the read instruction when shifting 
the cursor by cursor shift instruction 
(when reading out DD RAM). The cursor 
shift instruction operation is the same as 
that of the DD RAM’s address set instruc- 
tion. 

After a read, the entry mode automati- 
cally increases or decreases the address 
by 1. However, display shift is not 
executed no matter what the entry mode 
is. 


The address counter (AC) is automatically incremented or decremented by 1 after write 


instructions to either CG RAM or DD RAM. RAM data selected by the AC cannot then be 
read out even if read instructions are executed. The conditions for correct data readout are: 
execute either the address set instruction or cursor shift instruction (only with DD RAM), 
then just before reading out execute the “read” instruction from the second time the “read” 


instruction is sent. 
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How To Use The HD44780 
Interface to MPU 


1. 





Interface to 8-Bit MPU 


When connecting to 8-bit MPU through 


PIA 


Figure 10 is an example of using a PIA or 
I/O port (for single chip microcomputer) 
as an interface device. Input and output 


RS 


of the device is TTL compatible. 

In the example, PBo to PB7 are connected 
to the data buses DBo to DB7 and PApo to 
PA2 are connected to E, R/W and RS 
respectively. 

Pay attention to the timing relation 
between E and other signals when read- 
ing or writing data and using PIA as an 
interface. 


Pwo fC 


BR gee Need Nee Nee Vee Nes 


Internal | ; Internal Operation | 


Instruction Busy Flag 
Write Check 


PAo 


HD68B21 


PBy— PB; 


Do-D7 


HD68BO0: 8 bit CPU 


Figure 11 Example of Interface to HD68B00 Using PIA (HD68B21) 


Busy Flag instruction 
Check -| Write 





Connected 
to Liquid 
HD44780 ola 
Display 
SEG, - ? 
SEG4o 
DBy—DB7 
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Connecting directly to the 8-bit MPU bus 
line 


COM, -— 
COMie 
HD44780 Connected 
HD6800 to LCD. 


SEG, — 
SEG4o 





Figure 12 8-Bit MPU Interface 
Example of interfacing to the HD6805 







Connected 
to LCD. 





HD6805 E 
RS SEG, 7 
SEGao 


Figure 13 HD6805 Interface 





Example of interfacing to the HD6301 


Connected 


to LCD. 
HD6301 Pio— P17 





Figure 14 HD6301 Interface 
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Interface to 4-bit MPU 


The HD44780 can be connected to a 4-bit 
MPU through the 4-bit MPU I/O port. If 
the I/O port has enough bits, data can be 
transferred in 8-bit lengths, but if there 
are insufficient bits, the transfer is made 
in two operations of 4 bits each (with 
designation of interface data length for 4 





bits). In the latter case, the timing 
sequence becomes somewhat complex. 
(See figure 15) 

Figure 15 shows an example of interface 
to the HMCS43C. 

Note that 2 cycles are needed for the 
busy flag check as well as the data trans- 
fer. 4-bit operation is selected by pro- 
gram. | 








DB; 


! 


Internal | Internal Operation | 
No 
WLUSRT XIR3 KZ Busy \AC3 YZ Busy] AC3X/7X D7 _X D3 XKWvwy 


Instruction Busy Flag Busy Flag Instruction 
Write Check Check | Write 


Note: IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 


Figure 15 An Example of 4-Bit Data Transfer Timing Sequence 


‘COM, - 
R/W COMi6 


' - HD44780 


Connected 
to Liquid 
Crystal 
Display 


HMCS43C E 


SEG;— 


SEG4o 


Rio Riz DB,—DB7 


HMCS43C: Hitachi 4-bit single-chip microcontroller 


Figure 16 Example of Interface to the HMCS43C 
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Interface to Liquid Crystal Display Number of lines and font types can be 
| | | selected by program. 
1. Character Font and Number of Lines (See to Table 5, Instructions) 
The HD44780 can perform 2 types of 
display, 5 <x 7 dots and 5 xX 10 dots char- 2. Connection to HD44780 and Liquid Crys- 
acter font, with a cursor on each. tal Display 
Up to 2 lines are displayed with 5 x 7 dots 
and 1 line with 5 x 10 dots. Therefore, Figure 17 shows connection examples. 


three types of common signals are avail- 
able (Table 8). 





Table 8 Common Signals 


Number of Number of Duty 
Lines Character Font Common Signals Factor 
1 5 x 7 dots + Cursor 8 | 1/8 

1 5 x 10 dots + Cursor 11 1/11 

2 5 x 7 dots + Cursor 16 1/16 


mr rrr ree Liquid Crystal 
Display Panel 
(8 characters 
'X 1 line) 





ied aeeheterreenned 
mauae ® 


Liquid Crystal 
Display Panel 
(8 characters 
X1 line) , 


(b) Example of a 5x10 dot, 8 characterX<1 line Display (1/4 Bias, 1/8 Duty Cycle) 





Figure 17 Liquid Crystal Display and Connections to HD44780 
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Since 5 SEG signal lines can display one 
digit, one HD44780 can display up to 8 
digits for 1-line display and 16 digits for 2- 
line display. 

In Figure 15 examples (a) and (b), there 
are unused common signal terminals, 
which always output non-selection 


(o-6-) 
S@e 
ome 
s@e¢ 
o@s 
_}--O4 
o-~o 
g33 
25: 
4: 





waveforms. When the liquid crystal dis- 
play panel has unused extra scanning 
lines, avoid undesirable influences due to 
crosstalk in the floating state by connect- 
ing the extra scanning lines to these 
common signal terminals (Figure 18). 





Liquid Crystal 
Display Panel 
(8 characters 
x2 lines) 


(c) Example of 5x7 dot, 8 characterx2 lines Display (1/5 Bias, 1/16 Duty Cycle) 





Figure 17 Liquid Crystal Display and Connections to HD44780 (cont) 


5x7 dot, 8 character 1 line Display (1/4 Bias, 1/8 Duty Cycle) 





Figure 18 Using COMs to Avoid Crosstalk on Unneeded Scanning Line 
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3. Connection of Changed Matrix Layout 


In the preceding examples, the number of 
lines matched the number of scanning 
lines. The display types figure 17 are 
made possible by changing the matrix 
layout in the liquid crystal display panel. 
In either case, the only change is the 
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layout. Display characteristics and the 
number of liquid crystal display charac- 
ters depend on the number of common 
signals (or duty factor). Note that the 
display data RAM (DD RAM) addresses 
for 8 characters X< 2 lines and 16 charac- 
ters X 1 line are the same as shown in 
figure 15. 


5x7 dot, 16 characterX1 line Display 
(1/5 Bias, 1/16 Duty Cycle) 


SEG, . 


SEGo0 


COM, -— 


COM; 
HD44780 


5X7 dot, 4 characterx2 line Display 
(1/4 Bias, 1/8 Duty Cycle) 





Figure 19 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal Display 
Drive 


Various voltage levels must be applied to 
HD44780 terminals V: to Vs to obtain liquid 
crystal display drive waveforms. The voltages 


Table 9. Duty Factor and Power Supply 
for Liquid Crystal Display 
Drive 






1/16 


actor! 1/8, 1/11 | 
: 
upply 1/4 1/5 









“av 







Vec~Vico 


Vi 
V2 
V3 
Va 
V5 


Vec( +5V) 


1/4 Bias 
(1/8, 1/11 Duty Cycle) 


Vec— 1/4 Vico | Vec—1/5 Vico | © 


Figure 20 Drive Voltage Supply Example 


must be changed according to duty factor. 
Table 9 shows the relation. 


Vicp gives the peak values for liquid crystal 


display drive waveforms. Resistance dividing 
provides each voltage as shown in figure 20. 


Vec(+5V) 


1/5 Bias 
(1/16 Duty Cycle) 
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Relation between Oscillation Frequency 
and Liquid Crystal Display Frame Fre- 
quency 


The examples in figure 21 of liquid crystal oscillation frequency is 250 kHz (1 clock = 4 . 
display frame frequency apply only when us). 


1.. 1/8 Duty Cycle 


V2(V3) 
V4 
Vs 


Ss 1 Teme Seam Beaune 


1 frame = 4(uzs) X 400 X 8 = 12800 (us) = 12.8 (ms) 
Frame frequency = TBS = 78.1 (Hz) 


2. 1/11 Duty Cycle 


a 400 clocks 


Ta f2] 3] | Re ae a 


Eee 1 frame —__—_ 
1 frame = 4 (us) x 400 x 11 = 17600 (us) = 17.6 (ms) 
Frame frequency = aes = 56.8 (Hz) 
3. 1/16 Duty Cycle 


200 clocks 


—— 1 frame 


1 frame = 4(us) X 200 x 16 = 12800 (us) = 12.8 (ms) 
Bie 2 Mice soots : 
Frame frequency = 12.8(ms) > 78.1 (Hz) 





Figure 21 Frame Frequency 
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Connection with Driver LSI HD44100H 


You can increase the number of display digits 


by externally connecting an HD44100H liquid 
crystal display driver LSI to the HD44780. 
When connected to the HD44780, the 
HD44100H is used as segment signal driver. 
~ The HD44100H can be connected to the 
HD44780 directly since it supplies CL, CL2, M, 
and D signals and power for liquid crystal 
display drive. Figure 22 shows a connection 
example. 


Caution: Connection of voltage supply ter- 
minals V; through Ve for liquid crystal display 
drive is complicated. 

Up to 9 HD44100H units can be connected for 
1-line display (duty factor 1/8 or 1/11) and up 
to 4 units for the 2-line display (duty factor 1/ 
16). RAM size limits the HD44780 to a maxi- 
mum of 80 character display digits. The con- 
nection method in figure 22 remains un-. 
changed for both 1-line and 2-line display or 5 
x 7 and 5 X 10 dot character fonts. 
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Figure 22 Example of Connecting HD44100H to HD44780 
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Instruction and Display Correspondence 


1. 8-bit operation, 8-digit x 1-line display 
(using internal reset) 


Table 10 shows an example of 8-bit x 1- 
line display in. 8-bit operation. The 
HD44780 functions must be set by funtion 
set instruction prior to display. Since the 
display data RAM can store data for 80 
characters, as explained before, the RAM 
can be used for displays like a lighting 
board when combined with display shift 
operation. 


Since the display shift operation changes 


display position only and DD RAM con- 
tents remain unchanged, display data 

entered first can be output when the 

return home operation is performed. 


2. 4-bit operation, 8-digit x< 1-line display 
(using internal reset) 


The program must set functions prior to 
4-bit operation. Table 11 shows an exam- 
ple. When power is turned on, 8-bit 
operation is automatically selected and 
the first write is performed as an 8-bit 


operation. Since nothing is connected to 
DBo-DB3, a rewrite is then required. | 
However, since one operation is com- 
pleted in two accesses of 4-bit operation, 
a rewrite is needed as a function (see 
table 11). Thus, DB,-DB7 of the function set 
is written twice. 


8-bit operation, 8-digit < 2-line display 


For 2-line display, the cursor automati- 
cally moves from the first to the second 
line after the 40th digit of the 1st line has 
been written. Thus, if there are only 8 
characters in the first line, the DD RAM 
address must again be set after the 8th 
character is completed. (See table 12). 
Note that the first and second lines of the 
display shift are performed. In the exam- 
ple, the display shift is performed when 
the cursor is on the second line. However, 
if the shift operation is performed when 
the cursor is on the first line, both the first 
and second lines move together. When 
you repeat the shift, the display of the 
second line will not move to the first line, 
the same display will only move within 
each line many times. 


Note: When using the internal reset, the conditions in “Power Supply Condition Using Internal 
Reset Circuit” must be satisfied. If not, the HD44780 must be initialized by insruction. (See 


“Initializing by Instruction”) 
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Table 10 8-Bit Operation, 8-Digit 1-Line Display Example 
(Using Internal Reset) 












olay 


Initialized. No display appears. 


Sets to 8-bit operation and selects 1- 
line display lines and character font. 
(Number of display lines and character 
fonts cannot be changed after this.) 


Turns on display and cursor. Entire 
display is in space mode because of 
initialization. 
Sets mode to increment the address 
by one and to shift the cursor to the 
right at the time of write to the DD/CG 
RAM. 

Display is not shifted. | 
Write “H”. The DD RAM has already 
been selected by initialization when 
the power is turned on. 

The cursor is incremented by one and 
shifted to the right. 


rite Data to CG RAM/DD RAM -— ere 
001001001 irc eat =. 


rite Data to CG RAM/DD RAM ee. 
1 9101 


Power supply on (HD44780 is initialized by 
the internal reset circuit) 


Function Set 
RS R/W DB; —— SOO DB 
0 0 0 0O 1 10 0 * * 


Display On/Off Control 
000 0 0 0 1 1 4 +0 


Entry Mode Set 






















Write Data to CG RAM/DD RAM 
0010 0 1 0 0 0 













ET 





Wri 
1 
Entry Mode Set Sets mode for display shift at the time 
Write Data to CG RAM/DD RAM eae - 


OL 


Write Data to CG RAM/DD RAM Seen 





HITACHI | 
~ Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 161 











HD44780, HD44780A (LCD-II) 









Write Data to CG RAM/DD RA Ree: 
Cursor or Display Shift 7 


Shifts only the cursor position to the 
Cursor or Display Shift Shifts only the cursor position to the 


Write Data to CG RAM/DD RAM ICROCO Writes “C” (correction). 
0 0 10 00 0 1 1 : The display moves to the left. 


_ | Cursor or Display Shift Shifts the display and cursor position 
Cursor or Display Shift Shifts the display and cursor position 
Write Data to CG RAM/DD RAM fag oe eg | 


Return Home HITACHI Returns both display and cursor to the 
O 0 0 0 0 0 0 0 1 +O = original position (Address OQ). 


Table 11 4-Bit Operation, 8-Digit 1-Line Display Example 
(Using Internal Reset) 


Power supply on (HD44780 is initialized by 
the internal reset circuit) 


eee Initialized. No display appears. 1 
Function Set 7 


Sets to 4-bit operation. 
RS R/W DB7 CNY DBa 





aah 






20 
(21 

























In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 
Sets 4-bit operation and selects 1-line 
display and 5 x 7 dot character font. 
4-bit operation starts from this point 
on and resetting is needed. 

(Number of display lines and character 
fonts cannot be changed hereafter.) 


Turns on display and cursor. Entire: 
display is in space mode because of 
initialization. , 

Sets Mode to increment the address 
by one and to shift the cursor to the. 
right, at the time of write, to the DD/ 
CG RAM. Display is not shifted. 
Writes ”“H”. 

The cursor is incremented by one and 
shifts to the right. | 

















play On/Off Control 
0 0 0 0 0 
Oo 1 1 #1 =O 




















Hereafter, control is the same as 8-bit operation. 
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Table 12 8-Bit Operation, 8-Digit <x 2-Line Display Example 
(Using Internal Reset) 


Power supply on (HD44780 is intialized by the Initalized. No display appears. 
internal reset circuit) 


Function Set Sets to 8-bit operation and selects 2- 
2 | RS RMWDB;7 —_-————— DB line display and 5 x 7 dot character 
0 0 0 0 font. 


1 #1 1 0 * * 
7 Turns on display and cursor. All dis- 
3 Display On/Off Control [~~ | mae 
play is in space mode because of 
oC Oo: ey Oe = initialization. 


Sets mode to increment the address 
by one and to shift the cursor to the 
right, at the time of write, to the DD/ 
CG RAM. Display is not shifted. 


Writes “H”. The DD RAM has already 
| been selected by initialization when 
the power is turned on. 

The cursor is incremented by one and 
shifted to the right. 



























Entry Mode Set 
0 0 0 0 0 0 0 1 4 +90 














Write Data to CG RAM/DD RAM 
1001001000 







Write Data to CG RAM/DD RAM HITACHI | 


711 001001001 


Writes “1”. 


et DD RAM Address HITACHI 


S Sets RAM address so that the cursor is 
0 oOo 114 0 0 0 0 0 0 


positioned at the head of the 2nd line. 





Write Data to CG RAM/DD RAM : HITACHI 


100100110 1 Writes °M". 


Write Data to CG RAM/DD RAM HITACHI Writes “O” 
1001001 1 1 41 MICROCO __ 

ntry Mode Set HITACHI Sets mode for display shift at the time 
0 0 0 0 0 0 0 14 1 = 41 MICROCO of write. 






Writes “M”. Display is shifted to the 
right. 

The first and second lines’ shift oper- 
ate at the same time. 














ITACHI 
ICROCOM__ 


Return Home HITACHI Returns both display and cursor to the 
0 0 0 0 0 0 0 0 1 +0 MICROCOM original position (Address 0). 


Write Data to CG RAM/DD RAM 
1 Oo Oo 1 0 0 1 1 O 1 
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Modifying Character Patterns 


1. Character Pattern Development Proce- 
- dure 


Hitachi User 


Computer - 
processing Determine 
character patterns ® 
Create character © 
pattern listing 
Create ERROM @ 
address data listing 


thf) 





Write EPROM @ 
<— «> Me pack to EPROM—> 
start Hitachi ® 
YES . 


\ Evaluate character 
patterns 





[= | 
Sample 
2 
a 
YES 


Figure 23 Character Pattern Development Procedure 











_ HITACHI | 
164 — Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HD44780, HD44780A (LCD-II) 


The numbers in figure 17 correspond to the firmed that character patterns are cor- 


following operations: rectly written, Hitachi starts mass pro- 
: duction of the LSI. 
a. Determine the correspondence between | 
character codes and character patterns. 2. Programming Character Patterns 
b. Create a listing indicating the corre- This section explains the correspondence 
spondence between EPROM addresses between addresses and data used to 
and data. program character patterns in EPROM. 
The LCD-II character generator ROM can 
c. Program character patterns in the generate 160 5 x 7-dot character patterns 
EPROM. and 32 5 x 10-dot character patterns for a 
total of 192 different character patterns. 
d. Send the EPROM to Hitachi. | 
a. 5 X 7-dot Character Pattern 
e. Hitachi performs computer processing | 
with the EPROM to create a character For a 5x‘7-dot character pattern, EPROM 
pattern listing and sends it to the user. address data and character pattern cor- 
respond with each other as shown below. 
f. If there is no problem in the character Table 13 is an example of the correspon- 
pattern listing, Hitachi creates a trial LSI dence between EPROM address data and 
and sends samples to the user. The user character pattern (5 x 7 dots). 


evaluates the samples. When it is con- 


Table 13 Example of Correspondence between EPROM Address Data and Character 


. EPROM address — 


Pattern (5 X< 7 dots) 


(LSB) 


Aio Ag Ag Az Ag As Aq Az Az Ai Aoc| O4 O03 O2 0; Oo 


ddd 





Fill line 8 (cursor position) 
with O 


ee Re aE 


Character code | Line position 
(1) EPROM addresses Aio to A3 corre- (4) A lit display position (black) corre- 
spond to a character code. sponds to 1. 
(2) EPROM addresses Az to Ao specify a (5) Fill line 8 (cursor position) of charac- 
line position of character pattern. ter pattern with 0. 


(3) EPROM data O4 to Oo correspond to (6) EPROM data Os to O7 are not used. 
character pattern data. | | 
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b. 5 X 10-dot Character Pattern (2) 

For a 5x10-dotcharacter pattern, EPROM 

address data and character pattern cor- 

respond with each other as shown in 

table 14. 

(1) EPROM addresses Aio to A3 corre- 
spond to a character code. Set Ags and 
Ag of character pattern line 9 and 
later lines to 0. 

(2) EPROM addresses A2 to Ao specify a 
line position of character pattern. 

(3) EPROM data O.4 to Oo correspond to 
character pattern data. 

(4) A lit display position (black) corre- 
sponds to 1. 

(5) Fill line 11 (cursor position) of charac- 
ter pattern with 0. 

(6) EPROM data Os to O7 are not used. 


(3) 


c. Handling Unused Character Patterns 


(1) EPROM data outside the character 
pattern area 
Ignored by the character generator 
ROM for display operation so it can be 
0 or 1. 


EPROM data in CG RAM area 
Ignored by the character generator 
ROM for display operation so it can be 
O or 1. 

EPROM data used when the user 
does not use any LCD-II character 
pattern 

Handled in one of the two ways ex- 
plained below. Select one of the two 
ways according to the user applica- 
tion. 

(a) When unused character patterns 
are not programed 

If an unused character code is 
written in the LCD-II DD RAM, all 
dots are lit. No programming for a 
character pattern is equivalent to 
all bits lit. (This is because EPROM 
is filed with 1 when the EPROM is 
erased.) 

Program 0 for unused character 
patterns 

Nothing is displayed even if un- 
used character codes are written 
in LCD-II DD RAM. (This is equiv- 
alent to space). | 


(b) 





Table 14 Example of Correspondence between EPRO 


Pattern (5 X< 10 dots) 


EPROM address . 


A2 









Aio Ag Ag Az Ag As Ag Ag Ai Ao! O4 O3 O2 






Dae ne ee ee eee eee eee eee ee ee) 


Character code 


Line position 
Ce HITACHI 
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0; 


Wii 


M Address Data and Character 





(LSB) 
Oo 









Fill line 11 (cursor position) 
with O. . 
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HD66780 (LCD- IIA) 
(Dot Matrix Liquid Crystal Display 


Controller and Driver) 


Description 


The LCD-IIA (HD66780) a dot matrix liquid 
crystal display controller and driver LSI dis- 
plays alphanumerics, kana characters, and 
symbols. It drives a dot matrix liquid crystal 
display under 4-bit or 8-bit microcontroller or 
microprocessor control. All the functions 
required for driving a dot matrix liquid crystal 
display are internally provided on one chip. 


Designers can complete dot matrix liquid 
crystal display systems with low chipcount 
by using the LCD-ITA (HD66780). If a driver 
LSI (HD44100H or HD66100F) is connected to 
the HD66780, up to 80 characters can be 
clspiaved: 


The LCD-IIA is produced by the CMOS proc- 
ess. Therefore, the combination of the LCD- 
IIA with a CMOS microcontroller or micro- 
processor can complete a portable battery- 
driven device with low power dissipation. 


Features 


5 X 7 and 5 X 10 dot matrix liquid crystal 
display controller driver 

Can interface to 4-bit or 8-bit MPU 
Display data RAM: 80 x 8 bits (80 char- 
acters, max) 

Character generator ROM: 12000 bits; 
Character font 5 x10 dots: 240 characters 
Character generator RAM: 64 x 8 bits; 
Character font 58 dots: 8 characters or 
character font 5 X 11 dots: 4 characters 
Both display data and character genera- 
tor RAMs can be read from the MPU 
Internal liquid crystal display driver 

—16 common signal drivers 

—40 segment signal drivers (Can be 
externally extended to 360 segments by 
liquid crystal display driver HD44100H or 
HD66100F) 

Duty factor selection (selectable by pro- 
gram) 

—1/8 duty: 1 line of 5 < 7 dots + cursor 
—1/11 duty: 1 line of 5 X 10 dots + cursor 
—1/16 duty: 2 lines of 5 x 7 dots + cursor 
Maximum number of display characters © 
as shown in table 1 

Wide range of instruction functions: Dis- 
play clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

Internal automatic reset circuit at power 
on (internal reset circuit) 

Internal oscillation circuit 

—External resistor or ceramic filter 
—External clock operation possible 
CMOS process 

Single +5 V logic power supply (exclud- 
ing power for liquid crystal display drive) 
Operation temperature range: -20°C to 
+75°C (-40°C to +85°C device available 
upon request) 

80-pin plastic flat package os -~80B, FP- 
80A) 

Low power consumption 


Ordering Information 


Type No. Package 
HD66780FS 80-pin plastic QFP (FP-80B) 
HD66780FH 80-pin plastic QFP (FP-80A) 
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Pin Arrangement 


(FP-80A) 


(Top-View) 





Pin Description | | 





: | No. of 
Signal Lines 1/0 Connected to Function 
RS 1 Input MPU Selects register 
R/W 1 Input MPU Selects read or write 
E 1 Input MPU | Starts data read or write 
DB7-DBo. 8 1/0 | MPU Bidirectional data bus 
CL 1 Output Driver LSI Serial data latch clock 
Clo oe 1 Output Driver LSI Serial data shift clock 
M 1 Output — Driver LSI LCD waveform AC switch signal 
D | 1 Output Driver LSI Character pattern data 
COM:1-COMi6 16 Output LCD | Common signals 
SEG1-SEGao 40 Output LCD Segment signals 
Vi-V5 | 5 Power supply LCD drive voltages 
Vcc, GND 2 Power supply +5 V and ground 
OSC,1-OSC2 2. | System clock 
HITACHI 
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| Pin Function | 
RS (Register Select) 


RS selects the register that the MPU is acces- 
sing. RS = 0 selects the instruction register 
for MPU writes, and the busy flag and address 
counter for reads. RS = 1 selects the data 
register for MPU reads and writes. 


R/W (Read/Write) 


R/W selects whether the MPU will read from 
(R/W = 1) or write to (R/W = 0) the LCD-IIA. 


E (Enable) 


The MPU sets the E input high to signal the 
start of the read/write operation. 


DB;7-DBo (Data Bus) 


The bidirectional, three-state data bus, DBo- 
DB7, transfers data between the MPU and the 
LCD-IIA. DB; can be used as the busy flag. 
The lower-order four lines, DBo-DBa, are not 
used in four-bit interface operation. 


Cli, CL2 (Clock 1, Clock 2) 


The Cli output signals the HD44100H or 
HD66100F driver LSI to latch the serial data 
sent on line D. The CLz output signals it to 
shift the data. 


M (Master AC Signal) 
The HD44100H or HD66100F driver LSIs use 


the M output to convert the LCD drive 
waveform to AC. 


D (Serial Data) 


The LCD-IIA outputs serial character pattern 
data corresponding to the common signals to 
the HD44100H or HD66100F driver LSIs on D. 


COM:-COMi. (Common) 


COM:-COMie are the LCD common lines. 
Common signals that are not used are de- 
selected. At 1/8 duty factor COM -COMig are 
not used, so they output non-selected 
waveforms. At 1/11 duty factor COMi2-COMie 
are not used, so they output non-selected 
waveforms. 


SEG:-SEG«ao (Segment) 
SEG:i-SEGao are the LCD segment lines. 
V:-Vs (LCD Voltages) 


The LCD-ITIA requires the V:i-Vs voltages to 
output LCD-driving waveforms. 


Vcc, GND (Power Supply, Ground) 


Vcc is the LCD-IIA’s logic power supply. GND 
is the power supply ground. 


OSC:, OSC2 (Oscillator 1, Oscillator 2) , 


OSC; and OSCz2 are the connections for the 
LCD-IIA system clock. The LCD-IIA can use 
its internal oscillator if OSC: and OSCz2 are 
connected to a resistor or ceramic filter. An 
external clock can be input to OSCi. 





Table 1 Number of Display Characters 


No. of 
Display Duty 
Lines factor Extension HD44100H 
1-line 1/8, Not = 
display 4 { provided 

Provided 9 pcs. 

(8 characters/pc.) 

2-line (1/16 Not _ 
display duty provided 

Provided 4 pcs.(8 characters 


X 2 lines/pc.) 


No. of Display 


HD66100F Characters 
= 8 characters X 1 line 
5 pcs. 80 characters x 1 line 


(16 characters/pc.) 
= 8 characters X 2 lines 


2 pces.(16 charac- 40 characters x 2 lines 


ters X 2 lines/pc.) 
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HD66780 Block Diagram 


=~ 
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aA — O Q a w Cc Oooo > 
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> Ss 5 
00 oe) 
Busy Data - Instruction 
Flag Register (DR) Register (IR) 
a 
Instruction 
Character Decoder 
Generator 
6 
RAM 
(CG RAM) 









512 bits 





(Parallel Data—Serial Data) 


Parallel/Serial Data 
Conversion Circuit 


















Counter (AC) 











Character 
Display Data 







Generator 
ROM RAM 
| (DD RAM) 
CG ROM 
( 808 bits it 


12000 bits 


Cursor Blink 
Control Circuit 
40-bit | 16-bit Shift 
Latch Circuit Register 
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, Segment Signal . Common Signal ry 
Driver Driver 
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S 
2 
> 
® 
oc 
= 
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2 
a 
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Block Function 
Registers 


The HD66780 has two 8-bit registers, an 
instruction register (IR) and a data register 
(DR). 


The IR stores instruction codes such as dis- 
play clear and cursor shift, and address 
information for display data RAM (DD RAM) 
and character generator RAM (CG RAM). The 
IR can be written from the MPU but not read 
by the MPU. 


The DR temporarily stores data to be written 
into the DD RAM or the CG RAM and data to 
be read out from DD RAM or CG RAM. Data 
written into the DR from the MPU is auto- 
matically written into the DD RAM or the CG 
RAM internally. The MPU also uses the DR for 
data storage when reading data from the DD 
RAM or the CG RAM. When the MPU writes 
address information into the IR, the LCD-ITA 
sends data to the DR from the DD RAM or the 
CG RAM by internal operation. Data transfer 
to the MPU is then completed by the MPU 


reading DR. After the MPU reads the DR, the 


LCD-IIA sends data in the DD RAM or CG 
RAM at the next address to the DR for the 
next read from the MPU. Register selector 
(RS) signals select these two registers (table 
2). 


Busy Flag (BF) 


When the busy flag is 1, the HD66780 is in the 
internal operation mode, and instructions will 
not be accepted. As table 2 shows, the busy 

flag is output to DB 7 when RS = 0 and R/W 
= 1. The next instruction must be written 
after confirming that the busy flag is 0. 


Address Counter (AC) 


The address counter (AC) assigns addresses 
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to DD and CG RAM. When an instruction for 
address is written in IR, the address informa- 
tion is sent from IR to AC. Selection of either 
DD or CG RAM is also determined concur- 
rently by the instruction. 


After writing into (or reading from) DD or CG 
RAM display data, AC is automatically in- 
cremented by 1 (or decremented by 1). AC 
contents are output to DBo-DBs when RS = 0 
and R/W = 1, as shown in table 2. 


Display Data RAM (DD RAM) 


The display data RAM (DD RAM) stores dis- 
play data represented in 8-bit character 
codes. Its capacity is 80 x 8 bits, or 80 char- 
acters. The display data RAM (DD RAM) that 
is not used for display can be used as general 
data RAM. Relations between DD RAM ad- 
dresses and positions on the liquid crystal 
display are shown in figure 1. 


The DD RAM adress (App) is set in the address 
counter (AC) and is represented in hex- 
adecimal. | : 


When there are fewer then 80 display char- 

' acters, the display begins at the head positon. 
For example, 8 characters using an HD66780 
are displayed as shown in figure 2. 


When the display shift operation is perfor- 
med, the DD RAM address moves as shown in 


figure 3. 


A 16-character display using an HD66780 and 
an HD44100H is shown in figure 4. 


The relation between display position and DD 
RAM address when the number of display | 
digits is increased through the use of one 
HD66780 and two or more HD44100Hs can be 
considered an extension of figure 4. 


Since the increase can be 8 digits for each 





Table 2 Register Selection 


RS R/W 
0 0 
| 0 1 
1 O 


Operation 

IR write as internal operation (Display clear, etc) 

Read busy flag (DB7) and address counter (DBo-DBg) 
DR write as internal operation (DR to DD or CG RAM) 


DR read as internal operation (DD or CG RAM to DR) 
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_Higher Order - Lower Order 


Bits Bits 


ne [nce] cs] nce] ncaa |aci aco] 


ce ee a eee Hevadesimar2/ 


decimal 


Example : DD RAM address 4E 


Ree SED EMER SEER 


4 
ee ee 


1-line Display (N =O) 
(Digit) 1 2 3 4 5 79 80 __Display 


: Position 
vive [0001 [oe [os[oe | sowncnnmnnmm [ae [a] +B 
Address 


(Hexadecimal) 





Figure 1 DD RAM Address 


(Digit) 1 2 3 4 __Display 


5. 6 7 8 
Position 
1-line 00 | 01 | 02 | 03 05 | 06 | 07 |<-DD RAM 
Address 


(Hexadecimal) 





Figure 2 Eight-Character Display Example 


(Left 
sit [01 [oa [oa o« [os [oe [or [ow 
Display) 
(Right 
sit’ [#0 [os [02 [os [os [oe [oe 
Display) | 


Figure 3 Display shift 
















(Digit) 1 2 11.12 13 14 15 16 _ Display 


3 4 § 6 7 8 9 10 
~ Position 
coe (loo os] ||] >] 5 
Address 


Nee HD66780 Display caer Nii Nts HD44100H Display eee (Hexadecimal) 


(Left : 

suit [01 | 02 | 02 ] 04 05 [08 | 07 | a8 | 09] 04 08 | oc | 0] 0€ | oF | 10 
Display) 

(Right 

sn [4F | 00 [01 | 02 [08 | 04 | 05 | 08 | 07 | 08 | o9 | on | 08 | 0¢ 00 | oF 
Display) 







Figure 4 Sixteen-Character Display Example 


| HITACHI | 
172 Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300 





additional HD44100H, up to 80 digits can be 
displayed by externally connecting 9 
HD44100Hs. | 


The same holds when HD66100Fs are used as 
display drivers. Consisting of 80 outputs, one 
HD66100F can display 16 digits (figure 5). 


When the number of display characters is 


(Digit) 123 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 


HD66780 (LCD— [1 A) 


fewer than 402 lines, the 2 lines from the 
head are displayed. Note that the first line 
end address and the second line start address 


are not consecutive. For example, when an 


HD66780 is used, 8 characters < 2 lines are 
displayed as shown in figure 6. 


When display shift is performed, the DD RAM 
address moves as shown in figure 7. 


73 74 75 76 77 78 79 80 gs Display 


Position 
vie ole ole ele else] Tololoflcelee «sea 
Address 


HD44100H(2) —/\— 10441008348) = een HD44100H(9) ae (Hexadecimal) | 


\.- 66780 ——/\—— Hp 44100 ——/\“ 


Display Display Display 


HD66100F(1) . 
Display 





Display Display 


HD66100F(2)—(4) HD66100F(5) 
Display Display 
The last 40 outputs of the HD66100F(5) 
are not used. 


Figure 5 Extended Display 


2-line Display (N= 1) 
(Digit) 1 2 3 4 
1-line 


2-line 


(Digit) 


1 2 3 4 5 6 7 
ial asd ocd od Cal ad 





39 40 __Display 
Position 
<—DD RAM 
Address 
(Hexadecimal) 


8 __Display 
Position 
07 |}<DD RAM 
Address — 


vine [Ao] [oa |oo |e [os oo |] eas 


Figure 6 Two-Line by Eight-Character Display Example 


(Left 
Shift 
Display) 


(Right 
Shift 





Display) 





Figure 7 Two-Line Display Shift 
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16 characters x 2 lines are displayed as in 
figure 8 when an HD66780 and an HD44100H 
are used. 


The relation between display position and DD 
RAM address when the number of display 
_ digits is increased by using one HD66780 and 
two or more HD44100Hs, can be considered 
an extension of figure 9. 


Since the increase can be 8 digits X< 2 lines for 
each additional HD44100H, up to 40 digits x 
2 lines can be displayed by connecting 4 
HD66780s (or 2 HD66100Fs) externally. 
Character Generator ROM (CG ROM) 


The character generator ROM generates 5 xX 


7 dot or 5 X 10 dot character patterns from 8- 


bit character codes. A CG ROM has 240 types 
of 5 xX 10 dot character patterns built-in. 


| (Digit) 6 7 8 
vice [00] 0% [oe [oa a6 [os [os [ 
sme [so |e [ea] aes |e 


\______ 66780 Display 


samy [a [ee |e 


9 10 
Position 
8 [a8 [os [oe [ oe [0 [oe [oF 03 
— Address 
ae [a0 [sx [ae |e 0| ae [ae] ean 


HD44100H Display ————’ 


cg 
wero [oe] co [ oe [oo [oe [ca [on 
oe fel 


(Note: Ina 5 x 7 dot + cursor display, only 
the upper part, that is, 5 <x 7 dots of 5 x 10 
dots, is displayed.) 


Table 3 shows the relation between charac- 
ter codes and character patterns in the Hita- 
chi standard HD66780A00. User-defined 
character patterns are also available by 
mask-programmed ROM. 


Character Generator RAM (CG RAM) 


With the character generator RAM, the user 
can rewrite character patterns by program. 
With 5 x 7 dots, 8 character patterns can be 
written and with 5 x 10 dots 4 patterns can 
be written. | 


Write the character codes in the left columns 
of table 3 to display character patterns stored 


in CG RAM. 


15 16 _Display 


sed Kea ol ad Bod 


aa Pel od Ra Eo ol a 


pope [27] o0 [1 [ox] 00 [oo [o [7 [08 [coon on [oc [oo [oe 
Shift 
Sm [67] s0| 1 |e2 [eo] 4] 6] ao |o7 [es |o8 | sa) eee [eo [oe 


Figure 8 Two-Line by Sixteen-Character Display Example 





(Digi) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 


ef xxx oxi ia] [elon 
sep ancien inca eis 


\ HD667780 \ HD44100H(1 /\ HD44100H(2 


Display Display - 


33 34 35 36 37 38 39 40 _ Display 
Position ‘ 

<-—DD RAM 
address 
(Hexadecimal) 


/\ HD44100H(4) / 


se Display 


\ HD661 00F(! ; HD66100F(2) / 


Display 





Display 


Figure 9 Two-Line Extended Display Example | 
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Table 3 Correspondence between Character Codes and Character Pattern 
(Hitachi Standard HD66780A00) 


Hi 10066 
Lower |4 Bits 
4 Bits 


x 
x 
x 
7 
a) 
=> 
~= 


x X X x0001 


xxx x0010 


a, 
NO 
— — 


x 
x 
x 
x 
8 
_ 


x 
x 
x 
x 
© 
—_ 


00 


1 


x 
> 4 
x 
x 
© 
= 
© 


o| 7 


x x 
x x 
x x 
x x< 
oO © 
-_ =_ 
_ = 
_ 


x 
x 
x 
x 


1000 


1 


x< 
x 
x< 
4 
=k 
8 


x 
x 
x 
x 
_ 
© 
= 


0 





GREK. a7 EO" 5 
ee LL poe 
JCEM Dh as So as 
oer ae 
come oe ee ill 


Note: *« The user can specify any pattern for character-generator ROM. 


ett, 
(Ny 
— 
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Table 4 shows the relation between CG RAM As table 4 shows, an area that is not used for 
addresses and data and display patterns. display can be used as general data RAM. 





Table 4 Relation between CG RAM Address and Character Codes (DD RAM) and 
Character Patterns (CG RAM Data) 


For 5 x 7-dot arcs patterns 
Character Codes CG RAM Character Patterns 














(DD RAM Data) Address (CG RAM Data) 
7 65 43 2 1 =0 54321 0 765 43 2 1 +0 
Higher Lower Higher Lower Higher Lower 
Order Order — Order Order Order — 
Bits Bits Bits Bits 
0000 * 000 00 0 *x ot 
0 oO 1 
01 0 Character 
O71 1 Pattern 
100 Example (1) 
10 1 
1 1 0 | Cursor 
a 44 x Position 
0000 * 00 1 000 * 
| 00 1 
010 Character 
. Oo 1 1 Pattern 
100 Example (2) 
10 1 
——- 11 =0 
| 1 1°41 * ok 
000 * ok Ox 
0O0O 1 
* No effect 
(Don’t care) 





Notes: 1. Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 characters). 

2. CG RAM address bits O-2 designate character pattern line position. The 8th line is the 
cursor position and display is performed by logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the O state for 
cursor display. When the 8th line data is 1, bit 1 lights up regardless of cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the 
figure (bit 4 being at the left end). 

Since CG RAM data bits 5-7 are not used for display, they can be used ee the general data 
RAM. 

4. As shown in table 3 and 4, CG RAM character patterns are selected when character code 
bits 4-7 are all O. However, since character code bit 3 is ineffective, the R display in the 
character pattern example, is selected by character code OO (hexadecimal) or 08 (hex- 
adecimal). . 

5. 1 for CG RAM data corresponds to selection for display and O for non-selection. 
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Table 4 Relation between CG RAM Address and Character Codes (DD RAM) and 
Character Patterns (CG RAM Data) (Cont) 


For 5 x 10.-dot character patterns 










Character Codes CG RAM Character Patterns 
(DD RAM Data) Address (CG RAM Data) 
765 43 2 1 «0 56 432 1 ~+0 765 43 210 
Higher Lower Higher Lower Higher | Lower | 
Order Order — Order Order Order — 

Bits Bits 





0000* 00 * 


Character 
Pattern 
Example 


Cursor 
Position 








* No effect 
(Don’t care) 





OC 0}2=+=+=+=0'000=+=-=-0000 
O0/-==00-!'-00--00=--00 
=o/-0-0-+!0-0-0-0-0-0 
fF | 
* * | 
, * * 
%* * 


. Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 characters). 
. CG RAM address bits 0-3 designate character pattern line position. The 11th line is the. 
cursor position and display is performed by logical OR with cursor. 
Maintain the 11th line data corresponding to the cursor display position in the O state for 
cursor display. When the 11th line data is 1, bit 1 lights up regardless of cursor presence. 
ayes the 12nd-16th lines are not used for display, they can be used for the general data 
3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

_ 4, CG RAM character patterns are selected when character code bits 4-7 are all O. However, 
since character code bit O and 3 are ineffective, P display in the character pattern example 
is selected by character code OO, 01, 08 and O09 (hexadecimal). 

5. 1 for CG RAM data corresponds to selection for display and O for non-selection. 


Notes: 


N= 


/ 
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Timing generation Circuit 


The timing generation circuit generates tim- 
ing signals to operate internal circuits such as 
DD RAM, CG ROM, and CG RAM. RAM read 
timing needed for display and internal oper- 
ation timing by MPU access are separately 
generated so that they may not interfere 
with each other. Therefore, when writing 
data to the DD RAM for example, there will 
be no undesirable influence, such as flicker- 
ing, in areas other than the display area. This 
circuit also generates timing signals to oper- 
ate the externally connected drivers 
(HD44100H or HD66100F). 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit con- 
sists of 16 common signal drivers and 40 
segment signal drivers. When the character 
font and number of lines are selected by a 
program, the required common signal drivers 
automatically output drive waveforms. The 
other common signal drivers continue to 
output non-selection waveforms. 


The segment signal driver has essentially the 
same configuration as the driver LSI 
HD44100H. Character pattern data is sent 


serially through a 40-bit shift register and 


latched when all needed data has arrived. 
The latched data controls the driver for 
generating drive waveform outputs. 


The serial data can be sent to HD44100H or 
HD66100Fs, externally connected in cascade, 
to display an extended number of characters. 


The LCD-IIA always starts sending serial 
data at the display data character pattern 
corresponding to the last address of the dis- 


_ play data RAM (DD RAM). 


Since serial data is latched when the display 
data character pattern, corresponding to the 
starting address, enters the internal shift 
register, the HD66780 drives the head of the 
display. The rest of the display, corresponding 
to later addresses, are added with each addi- 
tional HD44100H or HD66100F. 


Cursor/Blink Control Circuit 


The cursor/blink control circuit generates the 
cursor or blinking. The cursor or blinking 
appear in the digit residing at the display 
data RAM (DD RAM) address set in the 
address counter (AC). 


When the address counter is (08)i6, the cursor 
position is as shown in figure 10. | 
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AC6 ACS AC4 AC3 AC2 AC1 ACO 


RED EURERRS EE 


In a 1-line display 
(Digit) 1 10 11 __Display 
Position 
SOO RORICRCFCIm EEL 
Address 
Cursor Position (Hexadecimal) 
In a 2-line display — 
(Digit) 1 2 3 4 5 6 7 8 9 10 11 __Display 
, Position 
win [00] oi [oe] [oe[os[oo[or[a[oo[oa] | Sami 
ij Address 
maine [so] [aa [ease [ae] e0) 0 foe [en] | etc 


Cursor Position 


Note: The cursor or blink appears when the address counter (AC) selects the character generator RAM, 
(CG RAM). But the cursor and blink are meaningless. 
The cursor or blink is displayed in the meaningless position when AC is the CG RAM address. 





Figure 10 Cursor or Blink 
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MPU Interface 


The HD66780 can send data in either two 4- 
bit operations or one 8-bit operation so it can 
interface to both 4-and 8-bit MPU’s. 


When interface data is 4 bits long, data is 
transferred using only 4 bus lines: DBs—DB7. 
DBo—DB3 are not used. Data transfer between 
the HD66780 and the MPU completes when 
_ 4-bit data is transferred twice. 


Data of the higher order 4 bits (contents of 
DB,a—DB7 when interface data is 8 bits long) is 


transferred first, then the lower order 4 bits 
(contents of DBop—-DB3 when interface data is 
8 bits long) is transferred. | 


Check the busy flag after 4-bit data has been 


transferred twice (one instruction). Two 4-bit 
operations will then transfer the busy flag 
and address counter data (figure 11). 


When the interface is 8 bits long, data is 
transferred using the 8 data bus lines DBo— 
DB7. 





Reset Function 
_ Initializing by Internal Reset Circuit 


The HD66780 automatically initializes (re- 
sets) when power is turned on using the 
internal reset circuit. The following instruc- 
tions are executed at initialization. The busy 
flag (BF) is kept in busy state until initializa- 
tion ends (BF = = 1). The busy state lasts 10 ms 
after Vcc rises to 4.5 V. 


1. Display clear 
2. Function set 
a. DL = 1: 8-bit long interface data 
: 1-line display 
: 5x 7-dot character font 


Se. 


Instruction (IR) 


Busy Flag (BF) and 


3. Display on/off control 
a. D = 0: Display off 
b. C = 0: Cursor off 
c. B = 0: Blink off 
4. Entry mode set 
a. I/D = 1: + 1(increment) 
b. S = 0: No shift 


Note: When power supply conditions in the 
electrical characteristics are not met using 
internal reset circuit, the internal reset circuit 
will not operate normally and initialization 
will not be performed. In this case initialize 
by MPU according to initializing by instruc- 
tion. 


Data Register (DR) 
Write Address Counter (AC) Read 
Read 





Figure 11 4-Bits Data Transfer Example 
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Instructions 


Only two HD66780 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to 
internal operation start, control information is 
temporarily stored in these registers, to allow 
interface from HD66780 internal operation to 
various types of MPU’s which operate at 
different speeds or to allow interface to 
peripheral control IC’s. HD66780 internal 
operation is determined by signals sent from 
the MPU. These signals include register 
selection signals (RS), read/write signals 
(R/W), and data bus signals (DBo—DB7), and 
are here called instructions. Table 5 shows 
the instructions and their execution time. 
Details are explained in subsequent sections. 


Instructions are of 4 types, those that: 


= 


Designate HD66780 functions such as 
display format, data length, etc 
2. Give internal RAM addresses 
3. Perform data transfer with internal RAM 
4. Others 
In normal use. category 3 instructions are 


HD66780 (LCD-— IT A) 


used most frequently. However, automatic 
incrementing by 1 (or decrementing by 1) of 
HD66780 internal RAM addresses after each 
data write lessens the MPU program load. 
The display shift especially can be performed 
concurrently with display data write, en- 
abling the designer to develop systems in 
minimum time with maximum programing 
efficiency. For an explanation of the shift 
function in its relation to display, see table 7. 


During internal operation, no instruction 
other than the busy flag/address read 
instruction will be executed. Because the 
busy flag is set to 1 while an instruction is 
being executed, check to make sure it is on 0 
before sending an instruction from the MPU. 


Note: Make sure the HD66780 is not in the 
busy state (BF = 0) before sending the 
instruction from the MPU to the HD66780. If 
the instruction is sent without checking the 
busy flag, the time between first and next 
instructions is much longer than the instruc- 
tion execution time. See table 5 for a list of 
each instruction’s execution time. 
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Table 5 Instructions 


| Execution Time 
Code (Max) 


: Se (fcp or fosc 250 
Instruction RS R/WDB7 DBz DBs DB, DB3 DB2 DB, DBo Description. kHz) 
Clear © 0 0 0 00 0 0 0°00 1. Clears entire displayandsetsDD 1.64 ms 
Display RAM address O in address 

. counter 
Return 0 0 00 00 0 0 1 * Sets DD RAM address O in 1.64ms 
Home address counter. Also returns 


display being shifted to original 
position. DD RAM _ contents 
| | remain unchanged 
Entry 0 0 0 0 0 0 0 1 + =WD.S_ Sets cursor move direction and 40 us 
Mode Set specifies shift of display. 
| These operations are performed 
during data write and read 


Display 0 00 0 0 0 1 D C B_- Sets entire display on/off (D), 404s 


On/Off cursor on/off (C), and blink of 
Control . cursor position character (B) 
Cursor or 0 0 0 QO O 1. S/C R/L * * Moves cursor and shifts display 40 us 
Display without changing DD RAM 
Shift contents 
Function 0 0 0 0 1 #BDL N F.*_— #_ Sets interface data length (DL), 40 us 
Set _ number of display lines (N) and 
character font (F) 
SetCG RAM 0 O O #1 ACG Sets CG RAM address. CG RAM 40 us. 
Address data is sent and received after — 
this setting. 
SetDD RAM 0 O 1 ADD . Set DD RAM address. DD RAM 40 us 
Address _ data is sent and received after 
| | this setting. 
Read 0 1. BF AC Reads Busy flag (BF) indicating Ovuys 
Busy Flag internal operation is being per- : 
& Address formed and reads address 
| counter contents 
_ WriteData 1° O _ Write Data Writes data intoDD RAMorCG 46 us 
to CG or | RAM 
DD RAM 
_ Read Data 1 1 Read Data Reads data from DD RAMorCG 46 us 
from CG or RAM 
DD RAM | | 
Notes: 1. /D = 1: Increment BF = 1: Internally operating 
1/D = 0: Decrement BF = 0: Can accept instruction 
S . = 1: Accompanies display shift DD RAM: Display data RAM 
S/C = 1: Display shift __ CG RAM: Character generator RAM 
S/C = 0: Cursor move Acg: CG RAM address 
R/L = 1: Shift to the right ' App :DD RAM address 
R/L = O: Shift to the left Corresponds to cursor 
DL = 1: 8 bits, DL = O: 4 bits - address 
N = 1: 2 lines, N = O: 1 line AC : Address counter used 
F = 


1: 5x10 dots, F = 0: 5x7 dots for both DD and CG RAM 


2. * No effect (Don’t care) 
3. Execution time changes when freguency changes: 
Example: When fcp or fosc is 270 kHz: 


40 us Xx 0. 37 us 
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Clear Display 


Clear display (figure 12) writes space code 20 
(hexadecimal)(character pattern for charac- 
ter code 20 must be blank pattern) into all DD 
RAM addresses. Sets DD RAM address 0 in 
address counter. Returns display to its origi- 
nal status if it is shifted. In other words, the 
display disappears and the cursor or blink 
goes to the left edge of the display (the first 
line if 2 lines are displayed). Sets I/D = 1 
(increment mode) of entry mode. S of entry 
mode does not change. 


Return Home 


Return home (figure 13) sets the DD RAM 
address 0 in address counter. Returns display 
to its original status if it was shifted. DD RAM 
~ contents do not change. The cursor or blink 
go to the left of the display (the first line if 2 
lines are displayed). 


Entry Mode Set 


I/D: I/D (figure 14) increments (I/D = 1) or 
decrements (I/D = 0) the DD RAM address by 






RS RW DB, 


cow | 9] oo} o]o/o|olojo|s 
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1 when a character code is written into or 


| read from the DD RAM. The cursor or blink 


moves to the right when incremented by 1 
and to the left when decremented by 1. The 
same applies to writing and reading of CG 
RAM. 


S: Shifts the entire display either to the right 
or to the left when S is 1; to the left when I/D 
= 1 and to the right when I/D = 0. Thus it 
looks as if the cursor stands still and the 
display moves. The display does not shift 
when reading from the DD RAM. Writing into 
or reading out of the CG RAM does not shift 
the display. When S = 0, the display does not — 
shift. : 


Display On/Off Control 


D: The display is on when D = 1 and off when 
D = 0 (figure 15). When off due to D = 0, 
display data remains in the DD RAM. It can be 
displayed immediately by setting D = 1. 


C: The cursor is displayed when C = 1 and is 
not displayed when C = 0. Even if the cursor 
disappears, the function of I/D, etc does not 






| DBo 


Figure 12 Clear Display Instruction 








RS R/W DB, 


cole fof ofofofolojojol1|* 
* Don't care 


DBo 


Figure 13. Return Home Instruction 


RS. R/W DB7 


DBo 


cw [oToTo [ooo] [|] s 





Figure 14 Entry Mode Set Instruction 









RS RW DB; 


ewe [oToloflolo]+[olele 


DBo 


Figure 15 Display On/Off Control Instruction 
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change during display data write. The cursor 
is displayed using 5 dots in the 8th line when 
the 5 x 7-dot is selected and 5 dots in the 
11th line when the 5 x 10-dot character font is 
selected (figure 16). 


B: The character indicated by the cursor 
blinks when B = 1. The blink is displayed by 
switching between all blank dots and display 
characters at 409.6 ms intervals when fcp or 
fosc = 250 kHz (figure 15). The cursor and the 
blink can be set to display simultaneously. 
(The blink time changes according to the 
reciprocal of fcp or fosc. For example, 409.6 x 


oo = = 379.2 ms when fcp = 270 kHz.) 


Cursor or Display Shift 


Cursor or display shift (figure 17) shifts cursor 
position or display to the right or left without 


writing or reading display data. This function 
is used to correct or search the display. In a 2- 
line display, the cursor moves to the 2nd line 
when it passes the 40th digit of the ist line. 
Notice that the 1st and 2nd line displays will 
shift at the same time. When the displayed 
data is shifted repeatedly each line only 
moves horizontally. The 2nd line display does 
not shift into the ist line postion. | 


Table 6 shows how S/C and R/L control 
shifting. 


Address counter (AC) contents do not change 
if the only action performed is shift display. 


Function Set 
DL: DL (figure 18) sets interface data length. 


Data is sent or received in 8-bit length (DB7- 
DBo) when DL = 1 and in 4-bit lengths (DB7- 





Table 6 Cursor or Display Shift Control 


s/c R/L Function 
O 0 Shifts the cursor position to the left 
: (AC is decremented by one) 
0 1 Shifts the cursor position to the right 
| (AC is incremented by one) . 
0 Shifts the entire display to the left. The cursor follows the display shift 
1 Shifts the entire display to the right. The cursor follows the display shift 


a 


eae 
~~. 
Cursor 
“ha. 


5 x 7-dot character 


Cursor Display Example 


5 x 10-dot character - 
font font. 


Alternating display 


Blink Display Example 





Figure 16 Cursor and Blink Display 


RS RW DB7 


Code CI CHCIES CERN oes 
* Don’t care 





Figure 17 Corsor or Display Shift Instruction | 
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DB.) when DL = 0. 
When the 4-bit length is selected, data must 
be sent or received twice. 


N: N sets number of display lines. 
F: F sets character font. See table 7. 


Note: Perform the function set at the head of 
the program before executing any instruc- 
tions (except “Busy flag/address read”). From 
this point, the function set instruction cannot 
be executed unless the interface data length 
is changed. 


Set CG RAM Address 
Set CG RAM address (figure 19) sets the CG 


‘RAM address binary AAAAAA into the 
address counter. Data is then written or read 


HD66780 (LCD — ITA) 


from the MPU for the CG RAM. 
Set DD RAM Address 


Set DD RAM address (figure 20) sets the DD 
RAM address binary AAAAAAA into the 
address counter. Data is then written or read 
from the MPU for the DD RAM. 


However, when N = 0 (1-line display), 
AAAAAAA is 00-4F (hexadecimal), when N 
= 1 (2-line display), AAAAAAA is 00-27 
(hexadecimal) for the first line, and 40-67 
(hexadecimal) for the second line. 


Read Busy Flag and Address 
Read busy flag and address (figure 21) reads 


the busy flag (BF) that indicates the system is 
now internally operating on a previously 





Table 7 Function Set N and F 





No. of Duty 
N F Display Lines Character Font Factor Remarks 
00 1 5x7 dots 
01 1 5x10 dots 
1 * 2 - 5X7 dots 1/16 Cannot display 2 lines with 5x 10-dot charac- 


ter font 





Note: * Don’t care 








RS RW DB, 


cote |ofofo}o}:joujniF}+| +. 
* (Don't care) 


DBo 





nagure 18 Function Set Instruction 


RS RAW DB7 


SO EACACIEAESEXESEAESES 


_Higher 
Order Bits 


Lower 
Order Bits 





Figure 19 Set CG RAM Address Instruction 


Higher 
Order Bits 


Lower 
Order Bits 





Figure 20 Set DD RAM Address Instruction 
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received instruction. BF = 1 indicates that 
internal operation is in progress. The next 
instruction will not be accepted until BF is set 
to 0. Check the BF status before the next 
write operation (figure 22). 


At the same time, the value of the address 
counter expressed in binary (AAAAAAA) is 
read out. The address counter is used by both 


CG and DD RAM addresses, and its value is © 


determined by the previous instruction. 


Address contents are the same as in set CG 


RAM address and set DD RAM address. 
Write Data to CG or DD RAM 


Write data to CG or DD RAM (figure 23) 
writes binary 8-bit data DDDDDDDD to the 
CG or the DD RAM. 


Whether the CG or DD RAM is to be written 
into is determined by the previous specifica- 


Instruction | 


Write Check 





Busy Flag 


tion of CG RAM or DD RAM address setting. 
After writing, the LCD-IIA automatically 
increments or decrements the address by 1, 
according to entry mode. 


Read Data from CG or DD RAM 


Read data from CG or DD RAM (figure 24) 
reads binary 8-bit data DDDDDDDD from the 
CG or DD RAM. | 


The previous designation determines 
whether the CG or DD RAM is to be read. 
Before entering the read instruction, you 
must execute either the CG RAM or DD RAM 
address set instruction. If you do not the first 
read data will be invalidated. When serially 


executing read instructions, the next address 
data is normally read from the second read. 





The address set instruction need not be 
executed just before the read instruction 
when shifting the cursor by cursor shift 


Busy Flag 
Check 


Busy Flag 
Check 


Instruction 
Write 


Figure 22 Example of Busy Flag Check Timing Sequence 


RS RW DB, 


os CLEEEPEEEET) 


Higher 
~ Order Bits 


Lower = 
_ Order Bits 





Figure 23 Write Data to CG or DD RAM Instruction 
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instruction (when reading out of DD RAM). 
The cursor shift instruction operation is the 
same as that of the DD RAM’s address set 
instruction. | 


After a read, the entry mode automatically 
increases or decreases the address by 1. 
However, display is not shifted no matter 
what the entry mode is. 


How to Use the HD66780 
Interface to 8-Bit MPU 


When Connecting to 8-Bit MPU Through 
PIA: Figure 25 is an example of using a PIA or 
I/O port (for a microcontroller) as an interface 
device. Input and output of the device is TTL 
compatible. 


In the example, PBo to PB7 are connected to 
the data buses DBy to DB7 and PAo to PA2 are 
connected to E, R/W and RS respectively. 


RS RW DB7 
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Note: The address counter (AC) is automati- 
cally incremented or decremented by 1 after 
write instructions to either CG RAM or DD 
RAM. RAM data selected by the AC cannot 
then be read out even if read instructions are 
executed. The conditions for correct data 
read out are: execute either the address set 
instruction or cursor shift instruction (only 
with DD RAM), then just before reading out, 
execute the read instruction from the second 
time the read instruction is sent. 


Pay attention to the timing relation between 
E and other signals when reading or writing 
data and using PIA as an interface. 


Connecting Directly to the 8-Bit MPU Bus: 


Figure 26 shows the LCD- TIA connected © 


directly to an HD6800. 


Example of Interfacing to the HD6805: Fig- 
ure 27 shows the LCD-IIA connected directly 
to an HD6805. 


ie BE OGOOOrC 


_ Higher 
~ Order Bits 


Lower 
Order Bits 





'. Figure 24 Read Data from CG or DD RAM Instruction 


CS; PA2 


CSo 
RS, PA, 


RSo PAo 


R/W 
E HD68B21 


PBo—PB7 
Do—D7 


HD68BO0: 8-bit CPU 





COM,— 
COMie6 Connected 
Ww to Liquid 
HD66780 Crystal 
SEG,— Display 
SEGao 


DB o—DB, 


Figure 25 Example of Interface to HD68B00 using PIA (HD68B21) 
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Example of Interfacing to the HD6301: Fig- 
ure 28 shows the LCD-IIA connected directly 
to an HD6301. 


Interface to 4-Bit MPU | 


The HD66780 can be connected to a 4-bit 
MPU through the 4-bit MPU I/O port, If the 
I/O port has enough bits, data can be trans- 
ferred in 8-bit length, but if there aren't 
enough bits, the transfer is made in two 


HD68B00 


Ao—A7z 


HD6805 
Co 
C; 
C2 


HD6301 
/ Pio~ Piz 





Figure 28 : Direct Connection to HD6301 


operations of 4 bits each (designating the 
interface data length as 4 bits). In the latter 
case, the timing sequence becomes some- 
what complex. (see figure 29). 


Note that 2 cycles are needed for the busy 
flag check as well as the data transfer. 4-bit 
operation is selected by program. 


Figure 30 shows an example of an interface 
to the 400 series. 


Connected 
to LCD 


COM;— 
COMi6] 


HD66780 


DBo—DBy 


Connected 
to LCD 





RS COM:— 

R/W COMie 

Connected 
to LCD 


HD66780 
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Interface to Liquid Crystal Display Therefore, three types of common signals are 
available (table 8). 
Character Font and Number of Lines: The 


HD66780 can perform 2 types of display, Number of lines and font types can be 
using 5 x 7 dots or 5 x 10 dots for the char- selected by program (see table 5). 
acter font, with a cursor on each. 

. Connection to HD66780 and Liquid Crystal 
Up to 2 lines can be displayed with 5 x 7 dots Display: Figure 31 shows connection exam- 
and 1 line with 5 x 10 dots. ples. Since 5 SEG signal lines can display one 


digit, one HD66780 can display up to 8 digits 


Table 8 Common Signals 


Number of Lines Character Font Number of Common Signals Duty Factor 
1 5 x 7 dots + Cursor 8 | 1/8 
1 5 x10 dots + Cursor 11 | 1/11 
2 5 x 7 dots + Cursor 16 1/16 


Internal Internal Operation | 


No 
oB, ZZKRIXIRS Way ACS ACS ©? KOS XL 


Instruction | Busy Flag | Busy Flag | Instruction 
Write Check Check Write 


Note: IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 





Figure 29 An Example of 4-Bit Data Transfer Timing Sequence 


Connected 
to Liquid 
Crystal 


SEG;— Display 


DB,.—DB, SEGao 





HMCS 400 series: Hitachi 4-bit microcontroller 


Figure 30 Example of Interface to the 400 Series 
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for a 1-line display and 16 digits for a 2-line 
- display. | 


In figure 31 examples (a) and (b), there are 
unused common signal terminals, which 


always output non-selection waveforms. | 








(a) Example of a 5 x 7-dot, 8-character X 1-line Display 


When the liquid crystal display panel has 
unused extra scanning lines, avoid undesir- 
_ able influences due to cross-talk in the float- 
ing state by connecting the extra scanning 
lines to these common signal terminals (fig- 
ure 32). . | 


Liquid Crystal 
Display Panel 
(8 characters 
x 1 line) 


(1/4 Bias, 1/8 Duty Factor) 





Liquid Crystal 
Display Panel 
(8 characters 
Xx 1 line) 


(b) Example of a 5 x 10-dot, 8-character x 1-line Display 
(1/4 Bias, 1/11 Duty Factor) 








(c) Example of a 5 x 7-dot, 8-character x 2-line Display 


Liquid Crystal 
Display Panel 
(8 characters 
X2 lines) 






(1/5 Bias, 1/16 Duty Factor) | 
Figure 31 Liquid Crystal Display and Connections to HD66780 
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Connection for Changed Matrix Layout: In 
the preceding examples, the number of lines 
was matched to the number of scanning 
lines. The display types in figure 33 are pos- 
sible by changing the matrix layout in the 
liquid crystal display panel. 


In either case, the only change is the layout. 
Display characteristics and the number of 
liquid crystal display characters depend on 
the number of common signals (or duty fac- 
tor). Note that the display data RAM (DD 
RAM) address for 8 characters < 2 lines and 
16 characters X< 1 line are the same as shown 
in figure 31. 


Power Supply for Liquid Crystal Display 
Drive 


Various voltage levels must be applied to 
HD66780 terminals Vi to Vs to obtain liquid 
crystal display drive waveforms. The voltages 
must be changed according to duty factors. 
Table 9 shows the relation. | 


Vicp gives the peak values for liquid crystal 
display drive waveforms. Resistance dividing 
provides each voltage as shown in figure 34. 
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Relation between Oscillation Frequency 
and Liquid Crystal Display Frame Fre- 
quency 


Figure 35’ shows examples of liquid crystal 
display frame frequency when the oscillation 
frequency is 250 kHz (1 clock = 4 ys). 


Connection with Driver LSI HD44100H or 
HD66100F 


You can increase the number of display 
characters by externally connecting liquid 
crystal display driver LSI’s HD44100H or 
HD66100F to the HD66780. 


When connected to the HD66780, the 
HD44100H or HD66100F is used as a segment 
signal driver. The HD44100H and the 


HD66100F can be connected to the HD66780 | 


directly since they supply Cli, CL2, M, and D 
signals and power for liquid crystal display 
drive. Figures 36 and 37 show connection 
examples. | 


Note: Connection of voltage supply terminals 
Vi through Ve for the liquid crystal display 
drive is complicated. 





Table 9 Duty Factor and Power Supply for Liquid Crystal Display Drive 


D 

fo Bias Vi V2 

1/8,1/11 1/4 Vee - (1/4)Vieo Vee - (1/2)Vico 
1/16 1/5 





Power Supply 
V3 , Va Vs 
Vec - (1/2)Vico Vc - (3/4)Vico = Vee - ‘Vie 


Vec - (1/5)Vico = Vec - (2/5)Vico = Vee - (3/5)Vico = Vee - (4/5)Vico = Vee - ‘Vic 


5 x 7-dot, 8-character x 1-line Display (1/4 Bias, 1/8 Duty) 





Figure 32 Using COM¢ to Avoid Cross-Talk on Unneeded Scanning Line 
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(a) 5X7 dot, 16 character <1 line Display 
(1/5 Bias, 1/16 Duty Factor) 


(b) 5x7 dot, 4 character <2 line Display 
(1/4 Bias, 1/8 Duty Factor) 


(a) 1/4 Bias GND (b) 1/5 Bias 
(1/8, 1/11 Duty Factor) (1/16 Duty Factor) 





Figure 34 Drive Voltage Supply Example 
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Up to 9 HD44100Hs can be connected for a 1- of 80 character diaplay digits. The connection 
line display (duty factor 1/8 or 1/11) and up to method in figures 36 and 37 remains un- 
4 for a 2-line display (duty factor 1/16). (For changed for both 1-line and 2-line display 


the HD66100F, 5 and 2 units respectively.) and both 5 xX 7-and 5 X 10-dot character 
RAM size limits the HD66780 to a maximum fonts. 


(1) 1/8 Duty Factor 
400 clocks 


| | 1 frame | 1 frame | 
1 frame = 4 (us) x 400 x 8 = 12800 (us) = 12.8 (ms) 


Frame frequency = rama = 78.1 (Hz) 


(2) 1/11 Duty Factor 
400 clocks 





1 frame = 4 (us) X 400 X 11 = 17600 (us) = 17.6 (ms) 


Frame frequency = ear = 56.8 (Hz) 


(3) 1/16 Duty Factor 
200 clocks 


| 1 frame | | 1 frame | 


1 frame = 4 (us) X 200 X 16 = 12800 (us) = 12.8 (ms) 


Frame frequency = rear = 78.1 (Hz) 





Figure 35 Liquid Crystal Display Waveforms (at fosc = 250kHz) 
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Figure 36 Example of Connecting HD44100H to HD66780 | 
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Figure 37 Example of Connecting HD66100F to HD66780 
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Instruction and Display Correspondence 
8-bit Operation, 8-digit < 1-line Display 
_ (Using Internal Reset): Table 10 shows an 
example of an 8-bit X< 1-line display in 8-bit 
operation. The HD66780 functions must be 
set by the function set instruction prior. to 
display. Since the display data RAM can store 
data for 80 characters, as explained before, 
the RAM can be used for advertising displays 
when combined with display shift operation. 
Since the display shift operation changes 
display position only and DD RAM contents 
remain unchanged, display data entered first 
can be output when the return home opera- 
tion is performed. 


4-bit Operation, 8-digit x 1-line Display 
(Using Internal Reset): The program must set 
functions prior to 4-bit operation. Table 11 
shows an example. When power is turned on, 
8-bit operation is automatically selected and 
the LCD-IIA attempts to perform the first 
write as an 8-bit operation. Since nothing is 
connected to DBo-DBs, a rewrite is then 
required. However, since one operation is 
completed in two 4-bit accesses, a rewrite is 
needed to set the functions (see table 11 step 
3). 


Thus, DBs-DB7 of the function set is written 
twice. . 


8-bit Operation, 8-digit < 2-line Display: 
For a 2-line display, the cursor automatically 


moves from the first to the second line after 
the 40th digit of the first line has been writ- 
ten. Thus, if there are only 8 characters in the 
first line, the DD RAM address must be set 
after the eighth character is completed (see 
table 12). Note that the first and second lines 
of the display are shifted. 


In the example, the display is shifted when 
the cursor is on the second line. However, if 
the shift operation is performed when the 


cursor is on the first line, both the first and 


second lines move together. When you repeat 
the shift, the display of the second line will 
not move to the first line, the same display 
will only move within each line many times. 


Note: When using the internal reset, the 
conditions in “Power Supply Condition Using 
Internal Reset Circuit” must be satisfied. If 
not, the HD66780 must be initialized by 
instruction. (See “Initializing by Instruction”) 


Initializing by Instruction 


If the power supply conditions for correctly 
operating the internal reset circuit are not 
met, the LCD-IIA must be initialized by 
instruction. | 

When interface is 8 bits long, use the initial- 
ization procedure in figure 38.. . : | 


When interface is 4 bits long, use the initial- 
ization procedure in figure 39. — | 
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Table 10 8-Bit Operation, 8-Character < 1-Line Display Example (Using Intern 


Reset) : 
Step ; | 
No. Instruction _Display Operation 


1 Power Supply On (HD66780 is 
initialized by the internal reset circuit) 
2 Function Set 
RS R/WDB 7- . ‘ DBo 
00001-1000 x 


initialized. No display appears. 


Sets to 8-bit operation and selects 1- 
line display and one of the three char- 
acter fonts. (Number of display lines — 
and character font cannot be changed 
after this.) 


Turns on display and cursor. Entire 
display is on space mode because of 
initialization. 

Sets mode to increment the address by 
one and to shift the cursor to the right 
at the time of write to the DD/CG 
RAM. Display is not shifted. 


Writes “H”. The DD RAM has already 
been selected by initialization when the 
power is turned on. 
The cursor is incremented by one and 
shifted to the right. 


3 Display On/Off Control 
0000001 1 1 =0 


4 Entry Mode Set | 
000000001 1 


eo) 


reeaeeee DIMUL 


5 Write Data to CG RAM/DD RAM 
1001001 0 0 0 


6 Write Data to CG RAM/DD RAM 


Writes “I”. 
10010010 0 = 1 
7 : 
8 Write Data to CG RAM/DD RAM ; Writes “I”. 


1001001001 BT AGT 


9 Entry Mode Set 
00000001 1 = 1 

10 Write Data to CG RAM/DD RAM 
10001000 0 0 


Sets mode for display shift at the time 
of write. 7 


Writes space. 


HITACHI __ 


ITACHI _ 


11 Write Data to CG RAM/DD RAM ‘Writes “M’. 
1-0-0 1.0.0.4 1.0 4. een MM 

12 | 

13. Write Data to CG RAM/DD RAM Writes “0”. 


10010031111 MICROKO__ 


14 — Cursor or Display Shift Shifts only the cursor position to the 


MIiCROKO | 


00000100 * x left. , 
15 Cursor or Display Shift : Shifts only the cursor position to the 
00000100 * MICROKO left. 


16 Write Data to CG RAM/DD RAM 
100° 10000 1 =1 


17 Cursor or Display Shift 


Writes “C” (correction). 
~ The display moves to the left. 


Shifts the display and cursor position to | 


1 CROCO 


MiCROCO 


000001 1 141 * * the right. 

18 Cursor or Display Shift ) Shifts only the cursor position to the 
00000101 * MECN OCD. “nght | | 

19 Write Data to CG RAM/DD RAM Writes “M”. 


20 9010.04. 4-0. 


20 


21 Return Home 


7 Returns both display and cursor to the 
0000000 0 1 =0 


ece! original position (address 0). 
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Table 11 4-Bit Operation, 8 


Step 
No. 


1 


2 


Reset) 


Instruction 

Power Supply On (HD66780 is 

initialized by the internal reset circuit) 

Function Set 
RS R/W DB; - . > DBa 
6) 0 0 oO. 1 0 


Function Set 
0 0 0 0 
0 0 0 


* O 


Display On/Off Control 


0 0 0 oO oO 90 
Oo Oo 14 #4 4 @Q 


‘Entry Mode Set 


0 0 0 0 O O- 
0 0 0 1 1 0 


Write Data to CG RAM/DD RAM 


1 O 0) 1 oO | 


0 
1 8) 1 0 0 0 


Display 


I see cs 


re 


Lae 


After this, control is the same as 8-bit operation. 


HITACHI 


-Character X 1-Line Display Example (Using Internal 


Operation 


Initialized. No display appears. 


Sets to 4-bit operation. | 

In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 


Sets to 4-bit operation and selects 1- 
line display and one of the three char- 
acter fonts. 4-bit operation starts from 
this point on and resetting is needed. 
(Number of display lines and character 
font cannot be changed after this.) 


Turns on display and cursor. Entire 
display is in space mode because of 
initialization. 

Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM. Display is not shifted. 


Writes “H”. The DD RAM has already 
been selected by initialization when the 
power is turned on. The cursor is in- 
cremented by one and shifted to the 
right. 
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Table 12 8-Bit Operation, 8-Character X 2-Line Display Example (Using Internal 


Step 
No. 


1 


10 
11 


12 


13 


14 
15 


Reset) 


Instruction 

Power Supply On (HD66780 is 
intialized by the internal reset circuit) 
Function Set "i 
RS RWDB 7: 
00001 1 1 
Display On/Off Control 
0000001 141 1 0 


DBo 
O * x 


Entry Mode Set 
0000000 1 1 0 


Write Data to CG RAM/DD RAM 
100100 1 0 0 


oO 


SH 


Write Data to CG RAM/DD RAM 
1001001001 


Set DD RAM Address 
00141090 0 0 0 


Oo 


: : [ ! 


Write Data to CG RAM/DD RAM 
1001001 14 0 41 


Write Data to CG RAM/DD RAM 
100100 1 41..1 


— 


Entry Mode Set 
0000000 1 1 


ox 


Write Data to CG RAM/DD RAM 
1001001 1 0 1 


Return Home 
00000000 1 0 


Display 


HITACHI _ 
HITACHI 


HITACHI 


HITACHI 
MICROCO _ 


HITACHI 
MICROCO _ 


ITACHI 
ICROCOM _ 


HITACHI | 


MICROCOM 


HITACHI 


Operation 
initialized. No display appears. 


Sets to 8-bit operation and selects 2- 
line display and one of the three char- 
acter fonts. 


Turns on display and cursor. All display 
is in space mode because of initializa- 
tion. 

Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM. Display is not shifted. 

Writes “H”. The DD RAM has. already 
been selected by initialization when the 


- power is turned on. 


The cursor is incremented by one and 
shifted to the right. 


Writes “I”. 


Sets RAM address so that the cursor 
may be positioned at the head of the 
2nd line. 


Writes “M”. 


Writes “O”. 


Sets mode for display shift at the time 
of write. 


Writes “M”. Display is shifted to the 
left. 

The first and second lines’ shift is 
operated at the same time. 


Returns both display and cursor to the 
original position (address QO). 
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Power on 


Wait more than 15 ms 
after Vcc rises to 4.5 V 


RS R/W DB7 DBg DBs DB, DB3 DBz DB, DBy BF cannot be checked before this instruction 7 


0 0 0 0 1 1 * * *~ * Function set (Interface is 8 bits long) 


Wait more than 4.1 ms 


| RS R/W DB, DBg DBs DB, DB3 DB DB, DBo BF cannot be checked before this instruction 


ee a ee, Function set (Interface is 8 bits long) 


Wait more than 100 us 


RS R/W DB, DBg DB, DB, DB3 DB, DB, DBy BF cannot be checked before this instruction 


0 0 0 0 1 1 * * # = Function set (Interface is 8 bits long) 











BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time (see table 5). 


RS R/WDB7DBgDB5DB4DB3DB2DB;DBo/ Function set (Interface is 8 bits long. 
o.o 0 0 1! NF *_* Specifiy the number of display lines and character font.) 
0 00000 1 0 0.0 The number of display lines and character font cannot 
000 000000 1 be changed afterwards. 

0 0 0 0 0 0 0 1 


/D S$ Display off 


Display Clear 


Initialization ends Entry Mode Set 


Figure 38 Initialization by Instruction, Eight-Bit Interface 
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Power on. 


Wait more than 15 ms 
after Vcc rises to 4.5 V 


RS R/W DB; DB, DBs DB, BF cannot be checked before this instruction 


o oO oO oO 1 1 Function set (Interface is 8 bits long) 


Wait more than 4.1 ms 


RS R/W DB, DBg DBs DB, BF cannot be checked before this instruction 


0 0 0 oO 1 1 Function set (Interface is 8 bits long) 


Wait more than 100 ys 


RS R/W DB; DBg DBs DB, BF cannot be checked before this instruction 


0 0 O re) 1 1 Function set (Interface is 8 bits length) 














RS R/W DB, DBg DBs DB, 
0 0 0 0 1 #0 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time (see table 5). 


Function set (Set interface to be 4 bits long.) 
Interface is 8 bits long. ; 


Function set (Interface is 4 bits long. Specify the num- 
ber of display lines and character font.) 

The number of display lines and character font cannot 
be changed afterwards. 


oo 


o0|C 0/0 
COloOOl|oO|o Oo 
lve o0/-0/Z20 
-oloo0|oo|no 

olo°o oe * oO 
NOol-o/o00|# Oo 


= 
Oo 


Initialization ends Display off 
Display Clear 


Entry Mode Set 


Figure 39 Initialization by Instruction, Four-Bit Interface 
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LCD-II and LCD-IIA 


Table 13 shows the differences between the figure 40, is used for alternation in 1 frame, 
LCD-II and LCA-ITA. and B type, shown in figure 41, for alternation 

in 2 frames. B type has better display quality 
There are two types of multiplex waveforms in highly multiplexed drive. 


for LCD driving: A and B. A type, shown in 





Table 13 Functions Comparison between LCD-II and LCD-IIA 


item | LCD-1 (HD44780) LCD-IIA (HD66780) Note 


Display RAM 80 bytes (80 characters) Same as LCD-II 
(Maximum number of ; 
display characters) 


* Character generator ROM 7200 bits . 12000 bits 
(Kinds of characters) | 192 characters | 240 characters 
| _ 5x7:160 characters _ 5x10: 240 characters 
5x10: 32 characters | 
Character generator RAM 64 bytes Same as LCD-II 
(Number of characters) - (8 characters) 
LCD driving terminals 16 COMs Same as LCD-II 
(Maximum number of 3 40 SEGs 
display characters/ (16 characters) 
unit) | | 
Character font | 5x8dots | Same as LCD-Il | 
(with a cursor) 5x11 dots 
Multiplexing duty ratio 1/8, 1/11, 1/16. | 
* LCD driving voltage 1/4 bias 3.0 to 11 (v) 3.0 to Vcc (V) Vec to Vs (V) 
| 1/Bbias 4.6to11 (vy) 3.0 to Vcc (v) 
*LCD driving waveform A waveform B waveform See figures 40,41 
* Bus timing 1, 1.5 MHz . 2 MHz 
Instruction codes 11 instructions Same as LCD-II 
Power-on reset circuit — Yes Same as LCD-II 
Oscillator | Ceramic filter, Rf, Same as LCD-Il 
(Frequency) | external clock 
| (250 kHz) 
Interface HD44100H HD44100H or HD66100F 
Package FP-80, FP-80A Same as LCD-Il 
Pin arrangement Refer to p.98 Same as LCD-II 


Note: * indicates the modified items on LCD-IIA. 
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Common 


soot TULL LL 





Common-segment 


1 frame |! 





Figure 41 B-Type Waveforms (1/3 Duty Factor, 1/3 Bias) 
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Character Pattern Development 


Procedure 

The numbers in the above figure correspond 5. Hitachi performs computer processing 

to the following operations: with the EPROM to create a character 

| pattern listing and sends it to the user. 

1. Determime the correspondence between 6. If there is no problem in the character 
character codes and character patterns. pattern listing, Hitachi creates trial LSIs 

2. Create a listing indicating the correspon- and sends samples to the user. The user 
dence between EPROM addresses and evaluates the samples. When it is con- 
data. firmed that character patterns are cor- 

3. Program character patterns in the rectly written, mass production of LSI is 
EPROM. started. | 


4. Send the EPROM to Hitachi. 





Hitachi User 
Computer 


processing Determine 
character patterns 


Create character ©. 

pattern listing 

_ Create EPROM 
address data listing 


Evaluate character 
patterns 


Write EPROM 


EPROM-> 
Hitachi 


| m | 
Sample 
© 
YES . 


Figure 42 Character Pattern Development Procedure 
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Character Pattern Program Method In order to evaluate ROM patterns, we rec- 
ommend to use our LCD controller HD61830. 

The relationship between the EPROM We also supply LCD control board (CB1026R). 

address and character pattern is shown in 

table 14. 





Table 14 Character Data in EPROM 


| (right sile up) (LSB) 
Air Ato Ag Ag Az Ap As Aa| As Az Ar Ao} Oo O1 O2 O3 Og Os O6 O7 










\ eseapreesnsnansunENEENNsneeaannnEnrrernhsaupats snag enenensvamereninstastmnmeeestsiaemanns! 
Character code Line code 


Notes: 1. EPROM Data Os-O7 are invalid 

| 2. Data “O” must be programed at 11th line (cursor position). 

. Data at 12-16th line are invalid 

. Data at Oo locate at the left side of screen. (The relation between the bit number and position 
is reversed, compared with HD44780.) 


hw 
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Handling Unused Character Patterns 


1. EPROM data outside the character pat- 
tern area | | 


Ignored by the character generator ROM | 


for display operation so it can be 0 or 1. 
. EPROM data in CG RAM area 


Ignored by the character generator ROM 
for display operation so it can be 0 or 1. 


. EPROM data used when the user does not 


use any LCD-II character pattern 


. When unused character patterns are 


not programed 


If an unused character code is written 
in the LCD-II DD RAM, all dots are lit. 
No programming for a character pat- 
tern is equivalent to all bits lit. (This is 
because the EPROM is filled with 1 
when the EPROM is erased.) 


. Program O for unused character pat- 


terns 


Nothing is displayed even if unused 
character codes are written in LCD-II 


DD RAM. (It is equivalent to space.) 
Handled in one of the two ways explained | 
below. Select one of two ways according 
to the user application. 


Absolute Maximum Ratings 





| item Symbol _ Rating — Unit 
Power Supply Voltage Vec -0.3 to +7.0 | V 
Input Voltage Vr -0.3 to Vcc + 0.3 Vv 
Operating Temperature -Topr | -20 to +75 C 
Storage Temperature Tstg | -55 to +125 °C 


Notes: 1.If LSIs are used above the absolute maximum ratings, they may be permanently destroyed. 
- Using them within electrical characteristic limits is strongly recommended for normal opera- | 
tion. Use beyond these conditions will cause malfunction and poor reliability. 
2.All voltage values are referred to GND = OV. 
3.Applies to V1 to V5. The relation: Vecc2V12V32V42V52GND must be maintained. 
(high to low) 
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Electrical Characteristics 


DC Electrical Characteristics (Vcc = 5 V + 10%, Ta = -20 to +75 °C) 


Note 
(2) 
(2) 
(12) 
(12) 
(3) 
(3) 
(4) 
(4) 
(10) 


(10) 


(5) 


item Symbol Min Typ Max Unit Test Condition 
Input High Voltage (1) Vint 2.3 = Vec V 
Input Low Voltage (1) Ving a = 0.6 V 
Input High Voltage (2) Vin2 Vec-1.0 - Vec V 
Input Low Voltage (2) Vit2 = = 1.0 V 
Output High Voltage (1)(TTL) Von1 2.4 = = V -lon = 0.205 mA 
Output Low Voltage (1)(TTL) Vout ad = 0.4 V lo. = 1.6 mA 
Output High Voltage (2)(CMOS) Vono 0.9Vcc — . = V -lon = 0.04 mA 
Output Low Voltage (2)(CMOS) Voi2 = = 0.1Vcc V lo. = 0.04 mA 
Driver On Resistance (COM) Rcom Sa OS 20 kQ tld = 0.05 mA 
to each COM Pin 
Driver On Resistance (SEG) Rsec = = 30 kQ +id = 0.05 mA 
to each SEG Pin 
Input Leakage Current hie 2 ee = 1 BA Vin = 0 to Vec 
Pull up MOS Current -Ip 50 125 250 w4wA Vec = 5 V 
Power Supply Current (1) _ lec1 = 0.55 0.8 mA Ceramic filter oscillation 
Vec = OV, 
| fosc = 250 kHz 
Power Supply Current (2) loc2 = 0.35 0.6 mA Rf oscillation, 
. External clock operation 
Vec = OV, 
fosc = fep = 270 kHz 
External Clock Operation 
External Clock Frequency st” ie. 125. 250 350 kHz © (a. 
External Clock Duty | Duty 45 50 55 % 
External Clock Rise Time trep = = 0.2 us 
External Clock Fall Time ttcp = = 0.2 us 
Internal Clock Operation (Rf Oscillation) . 
Clock Oscillation Frequency > fose 190 270 350 kHz Rf=82kQ+2% (8) | 
Internal Clock Operation (Ceramic Filter Oscillation) 
Clock Oscillation Frequency fosc 245 250 255 kHz Ceramicfiltr = | (9) 
LCD Voltage ~ Vip 3.0 — Vcc V Vec - V5 1/5 bias 
Vicp2 3.0 = Vcc V 1/4 bias 
Notes: 1. Figure 43 shows the I/O pin configurations except for liquid crystal display output. 


1 

2. Input pins and 1/O pins. Excludes OSC; pin. 

3. 1/0 pins. 

4. Output pins. 

5. Current flowing through pull-up MOS’‘s and output drive MOS'’s is excluded. 
6 


. Input/output current is excluded. When input is at an intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 


level must be fixed at high or low. 
7. External clock operation as shown in figure 44. 
8. Internal oscillator operation using oscillation resistor Rf (figure 45). 
9. Internal oscillator operation using a ceramic filter (figure 46). 
0 


signal pin (COM; to. COM\6). 


. Room applies to the resistance between power supply pin (Vcc, Vi, V4, Vs) and each common 


Rsec applies to the resistance between power supply pin (Vcc, V2, V3, Vs) and each segment 


signal pin (SEG; to SEGa4o). 
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11. Relation between operation frequency and current consumption is shown in figure 47. 


(Vec = 5 V) 


12. Applied to OSC; pin. 
13. When each COM and SEG output voltage is s within +0. 15 V of LCD voltage (Vcc, Vi, V2, 


V3, Va, Vs) when there is no load. 





@ Input Pin. Pins: RS, R/W 
| (MOS with pull-up) 


Pins: E 
(MOS without Vec 


pull-up) 
PMOS 





Pull-up MOS 
NMOS NMOS 


®@ Output Pin 


¢ 


Pins: CL,, Clo, M, D 


@1/0 Pin 


Pins: DBp to DB, ; 
(MOS with pull-up) os 


Enable 


"Eee, : 
Nreirt att =a) Data 


(Output Circuit) 
(Three-state) 





Figure 43 Pin Configuration 
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Oscillator 


eee ee 
Duty Factor = Tht * 100% 





Figure 44 External Clock 


OSC, 


Rf Rf: 82kQ +2% 
OSC, 


Since oscillation frequency varies depending on OSC: and OSC2 terminal capacitance, wiring 
length to these pin should be minimized. | 





Figure 45 Internal Oscillator, Resistor 


Ceramic filter: CSB250A (Murata) 
Rf: 1MQ +10% 

C,: 680 pF +10% 

C2: 680 pF +10% 

Rd: 3.3kQ +5% 





or 


Ceramic filter 


Note: This circuit is a standard one and we do not insure the oscillation frequency character- 
istics. Study the actual circuit ratings in using this circuit. 


Figure 46 Internal Oscillator, Ceramic Filter 
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® = Vec -Vs 
® = Vcc - V1 
@21.5V 
: ~@s0.25 x ® 


Note: The conditions of V:, Vs voltages 
are for proper operation of the LSI 
and not for the LCD output level 
(figure 48). The LCD drive voltage 
condition for the LCD output level is 
specified in “LCD voltage Vicp”. 


<q 
£ 

3 
a) 





200 300 400 500 Figure 48 V:, Vs Voltages 
fosc or fcp (kHz) 





_ Figure 47 Frequency vs Current 
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Bus Timing Characteristics (Vcc = 5.0 V+10%, GND = 0 V, Ta = —20 to +75 °C) 


Write Operation (Writing Data from MPU to HD66780) 
} 


item Symbol Min Max Unit Test Condition 

Enable Cycle Time tcYcE 500 = ns Fig. 52 
Enable Pulse Width (High level) PWen 220 = ns Fig. 52 

Enable Rise/Fall Time ter, ter - 20 ns Fig. 52 

Address Set-up Time (RS, RAW-E) tas 40 = ns Fig. 52 

Address Hold Time taH 10 re ns Fig. 52 

Data Set-up Time tosw 60 = ns Fig. 52 

Data Hold Time tH 10 = ns Fig. 52 


Read Operation (Reading Data from HD66780 to MPU) © 


Item | Symbol — Min Max Unit Test Condition 
Enable Cycle Time tcyce 500 = ns Fig. 53 
Enable Pulse Width — (High level) PWen 250 _ ns Fig. 53 
Enable Rise/Fall Time ter, tes _ — 20 ns Fig. 53 
Address Set-up Time (RS, R/AW-E) tas 40 a ns Fig. 53 
Address Hold Time | taH 10 _ ns Fig. 53 
Data Delay Time topRr ms 250 ns Fig. 53 
Data Hold Time tour 20 ac ns Fig. 53 





5.0V 
Ri =2.4k9 


- Test Point 


10kQ Diode 
ae 1$2074@ 





Figure 49 Load Circuit (DBo—DB7) 
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Interface Signal with HD44100H or HD66100F Timing Characteristics 
(Vcc = 5.0 Vt10%, GND = 0 V, Ta = —20 to +75‘C) __ 


item Symbol Min Max Unit Test Condition 
Clock Pulse Width — (High level) towH ~ 800 = ns Fig. 54 
Clock Pulse Width _ (Low level) tewL 800 = ns _ Fig. 54 
Clock Set-up Time tcsu 500 _ ns Fig. 54 
Data Set-up Time tsu 300 = ns Fig. 54 
Data Hold Time tou 300 _ ns Fig. 54 
M Delay Time tom -1000 1000 ns Fig. 54 
Clock Rise/Fall Time i tet = 100 ns Fig. 54 


Power Supply Conditions Using Internal Reset Circuit 


Item | Symbol Min Max Unit §§_ Test Condition 


Power Supply Rise Time trec 0.1 10 ms Fig. 51 
Power Supply Off Time torr 1. 7 ms Fig. 51 


Note: The internal reset circuit will not operate normally unless the preceding conditions are met. In 
that case, initialize by instruction. (Refer to Initializing by Instruction) 


Test Point 





Figure 50 Interface Signal Load Circuit 


0.2V 
Vec 


O.1ms S tcc = 10ms torr = 1ms} 


* torr stipulates the power off time for a power supply 
instantaneous dip or when power supply is cycled off then on. 





Figure 51 Power Supply Timing 
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Timing Characteristics 


Write Operation 


Vint 
Viv 


PWen tan 


amare 


\ 
IH1 Vint 


Vin Vit 
tosw 


Vind Vint 
( j ) 
Vir Vaild Data Vi 


- tevce 





Figure 52 Bus Write Operation Sequence (Writing Data from MPU to HD66780) 


Read Operation 





Figure 53 Bus Read Operation Sequence (Reading Data from HD66780 to MPU) 
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Interface Signal with Driver LSI HD44100H or HD66100F 


0.9 Vcc 


fae ae 


Dae Nee 0.9 Vc \ 
| 0.1 Vcc 0.1 Vec 





Figure 54 Sending Data to Driver LSI HD44100H or HD66100F 


HITACHI 
214 ‘Hitachi America, Ltd. ¢ Hitachi Plaza © 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005- 1819 (415) 589-8300 


~ LCD CONTROLLER/DRIVER LSI DATA BOOK 


Section Five 


Graphic Display 
LCD Controller/Driver 
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HD441 02CH- 
(Dot Matrix Liquid Crystal Graphic 


Display Column Driver) | 





Description — Pin Arrangement 


The HD44102CH is a column (segment) driver for 
dot matrix liquid crystal graphic display systems, 
storing the display data transferred from a 4-bit or 8- 
bit microcomputer in the internal display RAM and 


64] GND 
generating dot matrix liquid crystal driving signals. SNC 
61) . 

, 60} 1 
Each bit data of display RAM corresponds to on/off oe 
state of each dot of a liquid crystal display to aUS DBs 
more flexible than character display. el OB. 

53} DB 

52] DB2 
The HD44102CH is produced by the CMOS process. 5 bBo 
Therefore, the combination of HD44102CH with a | BW 
CMOS microcontrollercan complete portable battery- Css 
driven unit ntilizing the liquid i display's low cs: 
power dissipation. i BS 





The combination of HD44102CH with the row _ 
(common) driver HD44103CH facilitates dot matrix 
liquid crystal graphic display system configuration. 
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Features 


e Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 
@ Interfaces with 4-bit or 8-bit MPU 
e RAM data directly displayed by internal display 
RAM 
RAM bit data 1: On 
RAM bit data 0: Off 
e Display RAM capacity: 50 x 8 x 4 (1600 bits) 
e Internal liquid crystal display driver circuit 
(segment output): 50 segment signal drivers 
e Duty factor (can be controlled by external input 
waveform) 
— Selectable duty factors: 1/8, 1/12, 1/16, 
1/24, 1/32 
e Wide range of instruction functions 
— Display Data Read/Write, Display On/Off, 
Set Address, Set Display 
— Start Page, Set Up/Down, Read Status 
Low power dissipation _ 
Power supplies: V5 V + 10%, V,,, 0 to-5 V 
CMOS process 
80-pin flat plastic package 





HITACHI | 
Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 ¢ (415) 589-8300 217 











D44102CH ~ 


Block Diagram 
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Absolute Maximum Ratings 


Item ‘Symbol Value Unit Note 
Supply voltage (1) Veg —0.3 to +7.0 Vv. 1 

Supply voltage (2) Veg Veg. 13.5 to Vo, + 0.3 V 

Input voltage (1) Vn -0.3 to V,. + 0.3 V 132. 
Input voltage (2) Vi0 Vee -0.3 to V,, + 0.3 V 3 
Operating temperature iv ~20 to +75 °C 

Storage temperature T ~55 to +125 °C 


a a a lt Pe 


Notes: 1. Referenced to GND = 0. 
2. Applied to input terminals (except V1, V2, V3, and V4), and I/O common terminals. 
3. Applied to terminals V1, V2, V3, and V4. 


Electrical Characteristics 
(Vog = +5 V 10%, GND = 0 V, V_. = 0 to -5.5 V, Ta = —20 to 75 °C) ‘ote 





Item | Symbol Min Typ Max Unit Test condition Note 
Input high voltage (CMOS) V 0.7XVog - Veo V 5 
_ Input low voltage (CMOS) V 0 = 03xVe, V 5 
Input high voltage (TTL) V4 20 = Ve | V 6 
Input low voltage (TTL) V 0 - +0.8 V 6 
Output high voltage Vou 43.5 — V lon = 250 PA 7 
Output low voltage Vor - = 40.4 Vo ly = 41.6 mA 7 
Vi-Xj ON resistance Row - - 75 kQ «VV, = -5 V+ 10%, 
| Load current 100 1A 
Input leakage current (1) bes eal | - 1 HA V.,=Ve_, to GND 8 
Input leakage current (2) he -2 - 2 HA Vy = Voc to Ve 9 
Operating frequency toe 25 — 280 kHz 1, 62 frequency 10 
Dissipation current (1) bags - - 100 yA = 200 kHz frame = 11 
| | 65 Hz during display 
Dissipation current (2) | lens ~ — 500 A Accesscycle 1 MHz 12 
| at access 
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Notes: 


. Specified within this range unless otherwise noted. 
. Applied to M, FRM, CL, BS, RST,61, 62. 


. Applied to DBO to DB7. 
. Applied to input terminals, M, FRM,CL, BS, RST, 61, $2, CS1 to CS3, E, D/I and R/W, 
and.I/O common terminals DBO to DB7 at high impedance. 
9. Applied to V1, V2, V3, and V4. 
0. 61 and $2 AC characteristics. 


4 
5 
6. Applied to CS1 to CS3, E, D/I, ee and DBO to DB7. 
7 
8 


Symbol Min Typ Max Unit 


Duty factor — Duty 20 25: 30 % 
Fall time t, = ts 100 ns 
Rise time t, = 7 100 ns 
Phase difference time ti. 0.8 7 _ us 
Phase difference time ty 0.8 = a Us 
T,+T, | a ae 40 us 


Siiertus Woks 
ace T1 + Th 


Duty = x 100 (%) 





T1 
T1 + Th 





11. Measured by V,, terminal at no output load, at 1/32 dury factor, and frame frequency 
of 65 Hz, in checker pattern display. Access from the CPU is stopped. 

12. Measured by V,, terminal at no output load, 1/32 duty factor and frame frequency of 
65 Hz. 
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Interface AC Characteristics 








Item. | Symbol Min Typ Max Unit _—Note 
E cycle time ia 1000 ~ ~ ns 13, 14 
E high level width Pics 450 - _ ns 13, 14 
E low level width Pct: 450 = - ns 13, 14 
E rise time t, _ - 25 ns 13, 14 
_E fall time t, - - 25 ns 13, 14 
Address setup time ta 140 - _ ns 13, 14 
Address hold time ti 10 = - ns 13, 14 
Data setup time toew 200 = - ns 13 
Data delay time ae - - 320 _ ns 14,15 
Data hold time at write toy 10 = = ns. 13, 
Data hold time at read Coe 20 a = ns 14 
Notes: 
13. At CPU write = 14. At CPU read 
2.0V 2.0V 
E 0.8V E. 0.8V 
R/W R/W 
Pie tan 
CS1—CSs : CS1-CS3 
D/l D/| 
PL —Tonw 
DBo—DB7 DBo-—-DB7 
15. DBO to DB7 load circuits 
R, =2.4kQ 
D1 Re 
Test Point jue os 
| ct $R Ds C = 130 pF (including jig capacitance) | 
D . 
] : 7 Diodes D, to D, are all 1S2074 ) 
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Notes: 16. Display off at initial power up. 
The HD44102CH can be placed in the display off State by setting terminal RST to ow 
at initial power up. 
No instruction other than the Read Status can be accepted while the RST is at the low 


level. 
Symbol Min Typ Max Unit 
Reset time tasr 1.0 = — HS 
Rise time t ~ - 200 ns 


t 





Pin Description - 





Pin Pin | - 
Name Number W/O Function 
Y1-—Y50 50 Oo Liquid crystal display drive output. 
| Relationship among output level, M and display data (D): 
M 1 
D 1 0 1 0 
Output Vs | Ve | V4 
Level “7 
CS1-—CS3 3 l ‘Chip select 
| ©S1 CS2 CS3 State 
L L L Non-selected 
L L H Non-selected 
L H L = Non-selected _ 
L H oH Selected read/write enable 
H L L Selected write enable only 
H L H Selected write enable only 
H H L Selected write enable only 
+H H H Selected read/write enable 
E 1 i Enable 


At write (R/W = Low): Data of DBO to DB7 is latched at the fall of E. 


At read (R/W = ram: Data aprons. at DEO to DB7 while E is at high 
level. 
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Pin 
Pin Name Number W/O Function 


R/W 1 | Read/Write 
R/W = High: Data appears at DBO to DB7 and can be read 
: _ by the CPU when E = high and CS2, CS3 = high. 
R/W =Low: DBO to DB7 can accept input when CS2, CS3 = high or 
CS1 = high. 7 


D/I 1 | Data/Instruction 
D/l= High: Indicates that the data of DBO to DB7 is display data. 
D/l=Low: _ Indicates that the data of DBO to DB7 is display control 
data. 


DBO-DB7 #8 /O Data bus, three-state I/O common terminal 


E Rw CS1 CS2 CS3 State of DBO to DB7 
H H * H 4H Output state 
a © H . * Input state, 
~ Pi othes. Gens H H _—_— High impedance 
| Others High impedance 


M 1 I Signal to convert liquid crystal display drive output to AC. 


CL 4 | Display synchronous signal | 
At the rise of CL signal, the liquid —e display drive signal 
corresponding to display data appears. 


FRM 1 | Display synchronous signal (frame signal) 
_ This signal presets the 5-bit display line counter and 
synchronizes a common signal with the frame timing when 
the FRM signal becomes high. 


61, 2 2 | 2-phase clock signal for internal operation 
| The $1 and 2 clocks are used to perform the operations 
(input/output of display data and execution of instructions) 
other than display. 


RST 1 | Reset signal 
The display disappears and Y address counter is set in the up 
counter state by setting the RST signal to low level. After 
releasing reset, the display off state and up mode is held until 
the state is changed by the instruction. . 





BS 1 | Bus select signal 
~BS =Low: DBO to DB7 operate for 8—bit length. 
BS = High: DB4 to DB7 are valid for 4—bit length only. 
8-bit data is accessed twice in the high and low order. 


V1, V2, 4 Power soni for liquid crystal display drive 
V3, V4 ViandV2: Selection voltage 
V3 and V4: Non-selection voltage. 
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Pin 
_.PinName Number WO Function 

Vice 3 Power supply : 

GND Veg GND: Power supply for internal logic 

Ver VooVee: Power supply for liquid crystal display drive circuit logic 
Function of Each Block 
Interface Logic 
The HD44102CH can use the data bus in 4-bit or 8-bit | The data bus uses the high order 4 bits (DB4 to 
word length to enable interface to a 4-bit or 8-bit CPU. DB7). First, the high order 4 bits (DB4 to DB7 

in 8-bit data length) are transferred and then the 
1. 4 bit mode (BS = High) low order 4 bits (DBO to DB3 in 8-bit data 
8-bit data is transferred twice for every 4 bits length). 


through the data bus when the BS signal is high. 


Busy Flag | ) | Sa a 


Busy flag | Address Address Busy flag ‘| Data low 
check ‘high order | loworder | check order write | order write 
(Status write write (Status. 

read) read) 





Figure 1 4-Bit Mode Timing 


Note: Execute instructions other than status read in 4-bit length each. The busy flag is set at the 
fall of the second E signal. The status read is executed once. After the execution of the status 
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is chec- 
ked after the transfer of the high order 4 bits, retransfer data from the higher order bits. No 
busy check is required in the transfer between the high and low order bits. | 
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2.  8-bit mode (BS = Low) 
If the BS signal is low, the 8 data bus lines (DBO to 
-DB7) are used for data transfer. 

DB7: MSB (Most significant bit) 

DBO: LSB (Least significant bit) 
For AC timing, refer to note 12 tonote 15 of “Electrical 
Characteristics”. 


Input Register 


8-bit data is written into this register by the CPU. The 
instruction and display data are distinguished by the 
8-bit data and D/I signal and then a given operation is 
performed. Data is received at the fall of the E signal 
when the CS is in the select state and R/W is in write 
State. 


Output Register 


The output register holds the data read from the 
display data RAM. After display data is read, the 
display data at the address now indicated is set in this 
output register. After that, the address is increased or 
decreased by 1. Therefore, when an address is set, the 
- correct data doesn’t appear at the read of the first 
display data. The data at a specified address appears 
at the second read of data (figure 2). 


Address 


Output 

register 

Write 
address N 


Busy Busy 


DBo—DB7 | check 


Read data 
check . |(dummy) 





X, Y Address Counter 


The X, Y address counter holds an address for reading/ 
writing display data RAM. An address is set in it by 
the instruction. The Y address register is composed of - 
a 50-bit up/down counter. The address is increased or 
decreased by 1 by the read/write operation of display 
data. The up/down mode can be determined by the 
instruction or RST signal. The Y address register 
counts by looping the values of 0to 49. The X address 
register has no count function. 


Display On/Off Flip/Flop 


This flip/flop is set to on/off state by the instruction or 
RST signal. In the off state, the latch of display data 


_ RAM output is held reset and the display data output 


is set to 0. Therefore, display disappears. In the on 


state, the display data appears according to the data in 


the RAM and is displayed. The display data in the 
RAM is independent of the display on/off. 


Up/Down Filip/Flop 


This flip/flop determines the count mode of the Y 
address counter. In the up mode, the Y address 


register is increased by 1. 0 follows 49. In the down 
mode, the register is decreased by 1. 0 is followed by. 
49. | : 


N+2 


Data at address N Data at address N+1 


Busy {Readdata| Busy ,|Dataread 
check at check | address 
address N N+1 





Figure 2 Data Output 
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HD44102CH 
Display Page Register 


The display page register holds the 2-bit data that 
indicates a display start page. This value is preset to 
the high order 2 bits of the Z address counter by the 
FRM signal. This value indicates the value of the 
display RAM page displayed at the top of the screen. 


Busy Flag 


After an instruction other than status read is accepted, 
the busy flag is set during its effective period, and 
reset when the instruction is not effective (figure 3). 
The value can be read out on DB7 by the status read 
instruction. 

The HD44102CH cannot accept any other instructions 
than the status read in the busy state. Make sure the 
busy flag is reset before issuing an instruction. 


= Teusy S = $ 


fe * 


Z Address Counter 


The Z address counter is a 5-bit counter that counts up 
at the fall of CL signal and generates an address for 
outputting the display data synchronized with the 


common signal. 0 is preset to the low order 3 bits and 


adisplay start page to the high order 2 bits by the FRM 
signal. | 


Latch 


The display data from the display data RAM is 
latched at the rise of CL signal. 


Liquid Crystal Driver Circuit 


Each of 50 driver circuits is a multiplex circuit 
composed of 4 CMOS switches. The combination of 
display data from latchs and the M signal causes one 
of the 4 liquid crystal driver levels, V1, V2, V3 and 
V4 to be output. 


Fo is $1, 2 frequency (half of HD44103CH oscillation frequency) 





| Figure 3 Busy Flag 
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Display RAM 








COM1 
COM2 
COM3 
COM4 
COM5 ; 
‘cous Display pattern _ 
COM7 
COM8 
COMS9 
Driver output 
Y1— Y50 
LSB 
Do 
D1 
De 
D3 
Da ne 
Ds 
De 
D7 Data in display RAM 
MSB Neat 
| X=2 
X=3 


Yo Y1 Y2 Y3 Y4 Y47 Yas Y49 
(Y address) | 


Figure 4 Relationship between Data in RAM and pees 
= start page 0, 1/32 duty) 
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Display Control Instructions | 


Read/Write Display Data : Set X/Y Address 
MSB -_—ODBB LSB MSB DB LSB 
RW DI 76543210 RW DI 76543 210 
1 1 (Display data) _ 0 00 
| Read (CPU — HD44102CH) 0 0° 0 1 Binary numbers of 0-49 
0 1 (Display data) 0 0 10 
Write (CPU -HD44102CH) 0 0 1 1 
i Sh ee 
Sends or receives data to or from the address of the X address Y address 
display RAM specified in advance. However, a (page) (address) 


dummy read may be required for reading display data. 
Refer to the description of the output register in — 
Function of Each Block. | 


Y address 


Display On/Off 
MSB DB LSB 
RWDA 76543210 
0 0 0 0111001 Display on 
0 0 00111000 __ Display off Display Data RAM 





Turns the display on/off. RAM data is not affected. Display Start Page 


MSB DB LSB 
RW DI 76543 210 
0 0 001111410 

nese Refer to figure 5 (a) 
0 0 0111411 1410 

ae “Refer to figure 5 (b) 
0 0 10111110 

ieee Refer to figure 5 (c) 
0 0 44111110 

Display. start page 

vaee Refer to figure 5 (d) 
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24, 1/16), display begins at a page specified by the 


Specifies the RAM page displayed at the top of the 
display start page only by the number of lines. 


screen. Display is as shown in figure 4. When the 
display duty factor is more than 1/32 (For example, 1/ 


Start page = page 0 


Displayed up to 

here when display 
duty is 1/N. 

(N=8, 12, 16, 24, 32) 


Display Data RAM 


- Start page = page 1 


Display Data RAM 


Start page = page 2 





Display Data RAM 


Start page = page 3 


Liquid Crystal Screen 


Display Data RAM 





Figure 5 Display Start Page 
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Up/Down Set 


| MSB DB LSB 
RW DA 76543210 
0 60 0 01110 1 1 Upmode 
0 0 0 01 1 1 0 1 0 Down mode 


Sets Y address register in the up/down counter 
mode. | | 


Status Read 


MSB DB =s«NLSB 
RW Dil 
1.20 


(Busy also goes to 1). 
‘Goes to 0 when RST is in the operating state. 


Goes to 1 in the display off state. 
Goes to 0 on the display on state. 


Goes to 1 when address counter is in the up mode. 


Goes to 0:when address counter is in the down 
mode. 





Goes to 1 while all other instructions are being 
executed. 7 | 


While 1, none of the other instructions are 
accepted. | | ! 
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Connection Between LCD Drivers (Example of 1/32 Duty Factor) 


x< 


To liquid 
crystal display 


x 
3 


Vcc To liquid crystal display 


GND 


HD44103CH 
(Master) 


990,ze 
a 

DAM | G 

++ +t 


DL DR 61 62 HD441020H 


Open Open Open 


DL DR 61 62 FRM 


q 
crystal display 


HD44103CH 
(Slave) 


HD44102CH 
OL No. 2 : 


o1 
ee 





Figure 6 1/32 Duty Factor Connection Example _ 
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Interface to CPU 


1. Example of connection to HD6800 


In the decoder given in this example, the addressesof — Thus, the HD44102CH can be controlled by reading/ 
~HD44102CH in the address space of HD6800 are: writing data at these addresses. 
Read/write of display data: $'FFFF' 
Write of display instruction: $'FFFE 
Read of status: _ §$'FFFE' 


-HD6800 HD44102CH 





Figure 7 Example of Connection to HD6800 Series 
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2. Example of connection to HD6801 


e The HD6801 is set to mode 5. P10—P14 are used as 
output ports, and P30—P37 are used as the data bus. 

e The 74LS 154 is a 4—to—16 decoder that decodes 4 
bits of P10—P13 to select the chips. | 

e Therefore, the HD44102CH can be controlled by 
selecting the chips through P10—P13 and specifying 
the D/I signal through P14 in advance, and later 


HD44102CH 


conducting memory read or write for external 
memory space $0100 to $01FF of HD6801. The 
IOS signal is output to SC1, and the R/W signal is 
output to SC2. 

e For further details on HD6800 and HD6801, refer 
to their manuals. 


74LS154 


(IOS) SC1 
(R/W) SC2 


HD6801 P14 


(Data Bus) 


HD44102CH 
No. 1 





Figure 8 Example of Connection to HD6301 
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Connection to Liquid Crystal Display 


HD44103CH 
(Master) 


Liquid crystal display panel 
32 x 150 dots 


|x 
2 
° 
+ 
al 
x 


~HD44102CH HD44102CH HD44102CH 
No. 1 No. 2 No. 3 





Liquid crystal display panel 
16 x 100 dots 


a 


o 
25 
+ 
wT 
as 
as 


HD44102CH | HD44102CH 
No. 1 No.2 | 





Figure 10 Example of Connection to 1/16 Duty Factor, 1~Screen Display 
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HD44102CH HD44102CH HD44102CH 
No. 6 No. 7 


HD44103CH 
(Master) 
<M KX 


Liquid crystal display panel 
64 X 240 dots 


ee 
O 
ro) 
= 
+ 
QO 
as 


Y1—~W_! Y40 


| HD44102CH | | HD44102CH |- HD44102CH 
No. 1 No. 2 3 No. 5 





Figure 11 Example of Connection to 1/32 Duty Factor, 2-Screen Display 
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Limitations on Using 4-Bit Interface Function 


The HD44102 usuallly transfers display control data 


and display data via 8-bit data bus. It also has the 4- 
bit interface function in which the HD44102 transfers 
8-bit data by dividing it into the high-order 4 bits and 


the low-order 4-bits in order to reduce the number of | 


wires to be connected. You should take an extra care 
in using the application with the 4-bit interface function 
since it has the following limitations. 


Limitations 


The HD44102 is designed to transfer the high- 
order 4-bits and the low-order 4-bits of data in 
that order after busy check. The LSI does not 
work normally if the signals are in the following 


rites high- 
rder bits order bits 


state for the time period (indicated with (*) in 


fifure 1 1) from when the hi igh-order A hite ara weittan — 


(or read) to when the low-order 4 bits are written (or 
read); R/W = high and D/I = low while the chip is 
being selected.(CS1 = high and CS2 = CS3 = don’t 
care, or CS1 = low and CS2 = CS3 = high). 


If the signals are in the limited state mentioned before 
for the time period indicated with (*) the LSI does not 
work normally. Please do not make the signals 
indicated with dotted lines simultaneously. As far as 


_ the time period indicated with (**), there isno problem. 


The following explains how the malfunction is caused 
and gives the measures in application. 


: elf fd H 


Writes low- 





Figure 12 Example of Writing Display Control Instructions 
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Cause 


Busy check checks if the LSI is ready to accept the 
next instruction or display data by reading the status 
register to the HD44102. And at the same time, it 
resets the internal counter counting the order of high- 
order data and low-order data. This function makes 
the LSI ready to accept only the high-order data after 
busy check. Strictly speaking, if R/W = high and D/ 


I = low while the chip is being selected, the internal | 


counter is reset and the LSI gets ready to accept high- 
order bits. Therefore, the LSI takes low-order data for 
high-order data if the state mentioned above exist in 
the interval between transferring high-order data and 
transferring low-order data. 


HD44102CH 


Measures in Application 


1. HD44102 Controlled Via Port 


When you control the HD44102 with the port of a 
single-chip microcomputer, you should take care of 
the software and observe the limitations strictly. 


2. HD44102 Controlled Via Bus 
a. Malfunction Caused by Hazard 


Hazard of input signals may also cause the 
phenomenon mentioned before. The phase shift at 
transition of the input signals may cause the 
malfunction and so the AC characteristics must be 
carefully studied. 


Bo Jf \a. 
cs fi _ 


rw Lf 
Ne ae 


Example 


pila 


Writing High-Order Data 








Figure 13 Input Hazard 


b. Using 2-Byte Instruction 


Ee LILI L 
CS © / \ 
Address x 2N X 2N+1 


(D/\) 
DBo— DB7 


High-order Low-order 
data 


data 


Last 2 Machine Cycles 
of 2-Byte Instruction 





Figure 14 2-Byte Instruction 
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— 


In an application with the HD6303, you can prevent 
malfunction by using 2-byte instructions such as STD 


— 


and STX. This is because the high-order and low- 


order data are accessed in that order without a break | 


in the last machine cycle of the instruction and R/W 
and D/Ido not change in the meantime. However, you 
cannot use the least significant bit of the address 


signals as the D/I signal since the address for the © 


HD6303. 


second byte has an added 1. Design the CS decoder 
so that the addresses for the HD44102 should be 2N 
and 2N + 1, and that those addresses should be 
accessed when using 2-byte instructions. For example, 
in figure 14 the address signal A, is used as D/I signal 
and A, -A,, are used for the CS decoder. Addresses 
4N and 4N + 1 are for instruction access and addresses 


4N +2 and 4N + 3 are for display data access. 


HD44102CH 





Figure 15 HD6303 Interface 
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HD44103CH—— 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) 


Description Pin Arrangement 


The HD44103CH is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals required for display with 
its internal oscillator and supplies them to the column 
driver (HD44102CH) to control display, also 
automatically scanning the common signals of the 
liquid crystal according to the display duty. It can 
select 5 types of display duty ratio: 1/8, 1/12, 1/16, 
1/24, and 1/32. 20 driver output lines are provided, 

and the impedance is low (500 Q max.) to enable a 
large screen to be driven. 


Features 


e Dot matrix liquid crystal graphic display common 
driver incorporating the timing generation circuit 

e Internal oscillator (Oscillation frequency can be 
selected by attaching an oscillation resistor and an 

_ oscillation capacity) 

e Generates display timing signals 

e 20-bit bidirectional shift register for generating 
common signals 

e 20 liquid crystal driver circuits with low output 
impedance 

e Selectable display duty ratio: 1/8, 1/12, 1/16, 1/24, 
1/32 | : 

e Low power dissipation 

e Power supplies: V,,: 5 V + 10%, 

Vig Oto-5.5 V 





e CMOS process 
e 60-pin plastic flat package 
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Block Diagram 


zo +O esq tsa. sd S/W 
2Sq B®) a 


Wu 
PO 


HS 


J9}s1601 


: wis feuoRoeIpIg 


Q 
= 


a 





— 33 

: SYNOD JOAUP GNS 

_ Kejdsip jeysAuo pinbry rT— 9° 
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Absolute Maximum Ratings 


Item Symbol Rated Value | Unit Note 
Supply voltage (1) Voc 0.3 to +7.0 vo 1 
Supply voltage (2) Ve Vog 13.5 to Vo, + 0.3 ON 4 
Terminal voltage (1) V5 —0.3 to V,, + 0.3 V 1,2 
Terminal voltage (2) Ve5 Vie —0.3 to V,, + 0.3 | V 3 
" Operating temperature Ts —20 to +75 | °C 


Storage temperature T —55 to +125 °C 


Notes: 1. Referenced to GND = 0. 
2. Applied to input terminals (except V1, V2, V5, and V6) and I/O common terminals. 
3. Applied to terminals V1, V2, V5, and V6. 
4. Connect a protection resistor of 220! Q + 5% to V,. power supply in series. 


Electrical Characteristics 


(Vog = +5 V £10%, GND = 0 V, V,,. = 0 to -5.5 V, Ta = —20 to +75 OC) (Note 5) 


Item Symbol Min Typ Max Unit Test condition Note 

Input high voltage Vin 0.7xVig — Veo V 6 

Input low voltage Via 0 - 03xV, V 6 

Output high voltage Vou Vogp (04 - = Vi lgy = 400 pA 7 

Output low voltage Vor - - 0.4 Vlg, = +400 pA 7 

Vi-Xj on resistance ie err - = 500 Q . V._. =-5 + 10%, 

| Load current +150 pA 

Input leakage current (1) lag —1 - 1 HA Vy=Vo~t0GND = 8 

Input leakage current (2) Ine —2 - 2 uA Vin = Voc 10 Veg 9 

Shift frequency foes - - 50 kHz _ In slave mode 10 

Oscillation frequency faze 300 430 560 KHz R, = 68 kQ+ 2% 1 
| | C= 10 pF + 5% 

External clock operating fp 50 - 560 kHz 

frequency 

External clock duty Duty 45 50 55  «s — 12 

External clock rise time t ~ - 650 ns | 12 

_ External clock fall time tio ~ - 50 ns 12 
Dissipation power (master) Pe _ - 44 mW CR oscillation = 430 kHz 13 
Dissipation power (slave) Po - - 1.1 mW Frame frequency = 70 Hz14 
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. Specified within this range unless otherwise noted. 


. Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR, and DL. 
: Annlied t to DL, DR, M, FRM, CL ot and 2. 


Notes: 


‘DL, DR, M, and CL at high impedance. 
. Applied to V1, V2, V5, and V6. 
10. Shift operation timing 








Min’ Typ Max 


5 
6 
7. 
8. Applied to input terminals CR, FS, “DS to DS3, SHL and M/S, and I/O common terminals 
9 
0 


Unit 
saa te; 5 on ae ys 
ty 5 < o LS 
t, - - 100 ns 
CL 
t, ~ - 100 ns 
11. Relationship between oscillation frequency and R/C, 
CR Oscillator | ; The values of R, and C, are typical values. 


required value. 








50 100 150 (ka) 
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The oscillation frequency varies with the mounting 
condition. Adjust oscillation mequency to the 
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HD44103CH 


12. 


= Th 
Th+ T1 








Open 
Open 
External Clock —» CR 


ae 


13. Measured by V_ terminal at output non-load of R, = 68 kQ + 2% and C, = 10pF + 5%, 1/ 
32 duty factor in the master mode. Input terminals must be fixed at V,,, or GND while 
measuring. 


14. Measured by V,,, terminal at output non-load, 1/32 duty factor, frame frequency of 70 Hz 
in the slave mode. Input terminals must be fixed at V.,. or GND while measuring. 


Pin Description 


: Pin 
Pin Name Number I/O Function 


X1-—X20 20 O Liquid crystal display driver output. 


Relationship eae i (D) in shift register: 
M 1 0 


D 1107110 
Output V2 | Ve_| Vs_| Vs 
level 


CR, R, C 3 Oscillator Ry Cr 





R CR  C | CR oscillator 


| VM 1 VO Signal for converting liquid crystal display driver signal into AC. 
Master: Output terminal 
Slave: Input terminal 
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Pin Name 


CL 


FRM 
DS1-—DS3 


FS 


DL, DR 
SHL © 


HD44103CH 


Pin 


Number 


i 


Vo 
vO 


VO 


Function 

Shiit register shiit ciock. 
Master: Output terminal 
Slave: Input terminal 


| Frame signal, Display synchronous signal. 


Display duty ratio select. 


Display | 

Duty Ratio 1/24 1/12 X 132 1/16 1/8 
DS1 L H L H L H L H 
DS2 L L HH L L HH 


DS3 L L ELL H H H H 


Frequency select. 
The relationship between the frame frequency f,,,, and the 
oscillation frequency f,,,. is as follows: 


FS = High: fy, = 6144 foe, (1) 
FS=Low: fo =3072xfou, (2) 


Example (1) | When FS = high, adjust Rf and Cf-so that the 
oscillation frequency is approx. 
4830 kHz if the frame frequency is 70 Hz. 


Example (2) | When FS = low, adjust Rf and Cf so that the 
oscillation is approx. 215 kHz, in order to obtain the 
same display waveforms as example 1. When 
compared with example 1, the power dissipation is 
reduced because of operation at lower frequency. 
However, the operating clocks $1 and 2 supplied to 
the column driver have lower frequencies. Therefore, 
the access time of the column driver HD44102CH 
becomes longer. | 


Data I/O terminals of bidirectional shift register. 


Shift direction select of bidirectional shift register. 
SHL Shift Direction : 


H DL —- DR 
L  DL«ODR 
HITACHI 
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Pin 
Pin Name Number W/O Function 
M/S 1 | Master/slave select. 
M/S = High: Master mode 
The oscillator and timing generation circuit supply display 
timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is placed in the output state. 
M/S = Low: Slave mode | 
The timing generation circuit stops operating. The oscillator is 
not required. Connect terminal CR to V,,. 
Open terminals C and R. One (determined by SHL) of DL and 
DR, and terminals M and Cl are placed in the input state. 
Connect M, CL and one of DL and DR of the master to the 
respective terminals. 
Connect FD, DS1, DS2, and DS3 to V,,,. 
When display duty ratio is 1/8, 1/12, or 1/16, one HD44103CH is 
required. Use it in the master mode. 
~ When display duty ratio is 1/24 or 1/32, two HD44103CHs are 
required. Use the one in the master mode to drive common signals 1 
to 20, and the other in the slave mode to drive common signals 21 to 
24 (32). , | 
61, 92 2 O Operating clock output terminals for HD44102CH. 
The frequencies of $1 and 2 become haif of oscillation frequency. 
V1, V2, 4 | Liquid crystal display driver level power supply. 
VS, V6 V1 and V2: Selected level 
V5 and V6: Non-selected level 
: cc | 3 Power supply. 
V Vec~GND:Power supply for internal logic 


fe Vec~Vee: Power supply for driver circuit logic 
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Block Functions 


Oscillator 

The oscillator is a CR oscillator attached to an 
oscillation resistor Rf ans osckllation capacity Cf. 
The oscillation frequency varies with the values of Rf 
and Cf and the mounting conditions. Refer to Electrical 
_ Characteristics (Note 10) to make proper adjustment. 


Timing Genaration Circuit 


The timing generation circuit divides the signals from 
the oscillator and generates display timing signals (M, 
CL, and FRM) and operating clock ($1 and 62) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block stops 
operating. It is meaningless to set FS, DS1 to DS3. 
However, connect them to V,,. to prevent floating 
current. 


Bidirectional Shift Register 


90hit bidirectional shift register. Tha chift dirartian 


aa FS WT RUE Ww OES Baby OATASE UAE WEAVE 


_ is determined by SHL. The data input from DL or DR 


performs a shift operation at the rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 20 driver circuits is a multiplex circuit 
composed of four CMOS switches. The combination 
of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels V1, _ 
V2, V5,and V6to be transferred to the output terminals. 


Applications 


Refer to the applications of the HD44102CH. 
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HD44105H 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) 


Description Features 

The HD44105H is a common signal driver for * Dot matrix graphic display common driver 
LCD dot matrix graphic display systems. It including the timing generation circuit 
generates the timing signals required for display +* Internal oscillator (Oscillation frequency is 
with its internal oscillator and supplies them to the selectable by attaching an oscillation resistor 
column driver (HD44102H) to control display, also and an oscillation capacitor) © 

automatically scanning the common signals of the + Generates display timing signals 

liquid crystal according to the display duty cycle. ¢ 32-bit bidirectional shift register for generating 
It can select 7 types of display duty cycle 1/8, 1/12, . common signals 

1/16, 1/24,1/32, 1/48, and 1/64. It provides 32 + 32 liquid crystal driver circuits with low 
driver Output lines and the impedance is low (1 kQ impedance 

max) enough to drive a large screen. ¢ Selectable display duty ratio: 1/8, 1/12, 1/16, 


1/24, 1/32, 1/48, 1/64 
¢ Low power dissipation 
¢ Power supplies: Vcc =+5 V + 10% 
Veg = 0 to-5.5 V 
¢ CMOS process 
¢  60-pin flat plastic package 


Absolute Maximum Rating (Ta =25°C) 





item 7 Symbol Ratings Unit Note 
Supply voltage (1) Voc -0.3 to +7.0 : V | 1 
Supply voltage (2) VEE Veco -13.5 to Voc +0.3 V | 
Terminal voltage (1) Vr -0.3 to Voc +0.3 V 1,2 
Terminal voltage (2) V2 Veg -0.3 to Voc +0.3 V | 3 
Operating temperature Topr - ~20 to +75 °C | 
Storage temperature Tstg —55 to +125 °C 


Notes: 1. Referredto GND =0V. 
2. Applied to input terminals (except for V1, V2, V5, and V6) and I/O common terminals. 
3. Applied to terminals V1, V2, V5, and V6. Connect a protection resistor of 47 Q + 10% to each 
terminal in series. 
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HD44105H. 


Pin Arrangement 


X7 
X6 
XS 
x4 
<) 


xt 
DL 


SSF TSlellels ie! 


1 7m G) 
822 


DS1 [17 


Oo 
° 8 B 
Q 


m8) 


$ 
SUSE 


” 
— 
ow 





(Top View) 


Note: | NCs show unused terminals. 
Don't connect any lines to 
them in using this LSI. 
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Voc 


GND- 


VEE 


DL 


SHL 





STB 


V1V2V5V6 


er 


Rp Cy 





‘tT 
RIGR [Cc 


M/S 


FS1 FS2 





Timing generation circuit 


DSo 
DS; DS3 






6162 


oO 


R 


FRM 


weizeig yoo 
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HD44105H 


Electrical Characteristics 


(Note 4) 


(Vcc = +5 V + 10%, GND = 0 V, Ver = 0 to -5.5 V, Ta = -20 to +75°C) 


Test Condition 





terminals DL, DR, M, and CL at high impedance. 
Applied to V1, V2, V5, and V6. 
Shift operation timing. 


a 
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tsu 
tH 
tr 


Min Typ Max 


= = 100 


- ~ 100 


item Symbol Min Typ Max Unit Note 
‘Input high voltage Vin 0.7xVoco — Vec V 5 
Input low voltage Vit 0 — 0.3XVcoc V 5 
Output high voltage Vou Veco -0.4 — — V lon = —400 pA 6 
Output low voltage Vor — — 0.4 V lo, = 400 pA 6 
Vi-Xj On resistance Ran oo — — 1000 Q Vee =—5 V + 10%, 
| Load current 
 t15pA 
Input leakage current (1) Nin -1 = pA Vin=VoctoGND 7 
Input leakage current (2) lio —5 _ 5 pA Vin = Voc to Vee 
Shift frequency Ferry — ~~ 50 kHz _In slave mode 
Oscillation frequency fosc 300 430 560 kHz RF =68kQ+2%, 10 
j Cf ma 10 pF fe 5% 
External clock operating fcp 50 _— 560 kHz 1 
frequency 
External clock duty cycle Duty 45 50 55 % 11 
External clock rise time trop — — 50 ns 11 
External clock fall time ticp _ — 50 | ns 11 
Dissipation power Pw — — 44 mW CR oscillation, 12 
(Master) 430 kHz | 
Dissipation power Pwo = — 1.1 mW Frame 70 kHz 13 
(Slave) 
Notes: 4. Specified within this range unless otherwise noted. — 
5. Applied to CR, FS1, FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL, and STB. 
6. Applied to DL, DR, M, FRM, CL, 61, and 42. —_ 
7. Applied to input terminals CR, FS1, FS2, DS1 to DS3, SHL, M/S, and STB and I/O common 


Unit 
US — 
us 
ns 
ns 





HD44105H 


Notes: 10. Relation between oscillation frequency and Rf, Cf. 





_ Connection | R The values of Rf and Cf are typical 
values. The oscillation frequency 
Re C varies with the mounting condition. 
Adjust oscillation frequency to a 
CR required value. 
(kHz) Vec = 5 V 
400 : 
fosc 300 Cf = 6 pF 
200 Cf = 10 pF 
100 | 
0 
0 50 100 150 (kQ) 


11. 





_tb_ 
Th-TIl 
trcp ticp 
open —iC 
open —iR 


External clock CR 





12. Measured by Vcc terminal at output non-load of Rf = 68 kQ + 2% and Cf = 10 pF + 5%, and 1/32 
duty cycle in the master mode. 

| Input terminals are connected to Vcc or GND. 

13. Measured by Vcc terminal at output non- “load, 1/32 duty cycle, and frame frequency of 70 Hz 
in the slave mode. 
Input terminals are connected to Vcc or GND. 
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Pin Description 


Pin Name Pin Number I/O Function 


X1—X32 32 O Liquid crystal display driver output. 
: Relation among output level, M, and data (D) i in shift register. 


M | | | 
D 1 
Output level v2 V6 V1 V5 


CR, R, C 3 Oscillator. 
Rf Cf 


CR Oscillator 
R CR C 


M a 1/O —_ Signal for converting liquid crystal display driver signal into AC. 


Master: Output terminal 
Slave: _—__ Input terminal 


a 1 1/0 Shift register shift clock. 


Master: Output terminal 
Slave: Input terminal 
FRM 1 oO Frame signal, Display synchronous signal. 
DS1-DS3 3 I Display duty ratio select. 
Display Duty 
Ratio 1/8 1/16 1/482 1/464 —- 1/12 1/24 1/48 
DS1 L L H H LL H H 
DS2 L H L H L H L H 
DS3 L L L L H H H H 
FS1-FS2. 2 1 Selects frequency. 


The relation between the frame frequency fram and the cecilation 
frequency fosc is as follows: 


FS1 FS2 —— fosc(kHz) ffram(Hz) fu(Hz) — fcp(kHz) 
L L 107.5 70 35  —s-§ 3.8 
H L 107.5 70 35 53.8 
L H 215.0 70 ~©=— 35 107.5 


H H 430.0 70 35 215.0 


fosc: Oscillation frequency 
ffrmM: Frame frequency 

fu: M signal frequency 

fop: Frequencies of 61 and 92 
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Pin Description (cont) | 


Pin Name Pin Number !/O Function 


STB 1 | Input terminal for testing. 
Connect this terminal to Vcc. 
DL, DR 2 1/0 _— Data I/O terminals of bidirectional shift register. 
SHL 1 l Selects shift direction of bidirectional shift register. 
| SHL Shift Direction 
H DL — DR 
L DL < DR 
M/S 1 I Selects Master/Slave. 


M/S = High: Master mode 
The oscillator and timing generation circuit operate to supply 
display timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is in the output state. 


M/S = Low: Slave mode 
The timing generation circuit stop operating. The oscillator is not 
required. Connect terminal CR to Vcc. Open terminals C and R. 
One (determined by SHL) of DL and DR, and terminals M and CL 
are in the input state. Connect M, CL and one of DL and DR of the 
master to the respective terminals. Connect FS1, FS2, DS1, DS2, 
DS3, STB to Vcc. When display duty ratio is 1/8, 1/12, 1/16, 1/24, 
1/32, one HD44105H is required. Use it in the master mode. When 
display duty ratio is 1/48, 1/64, two HD44105Hs are required. Use 
one in the master mode to drive common signals 1 to 32, and 
another in the slave mode to drive common signals 33 to 48(64). 


61, ¢2 2 O Operating clock output terminals for HD44102CH. The frequencies of 
| o1 and 62 are half of oscillation frequency. | 








V1, V2, 4 Liquid crystal display driver level power supply. 
V5, V6 “Wt and V2: ~~ Selected level 
| | V5 and V6: _—Non-selected level 
Vcc, GND 3 Power supply. 
VEE 


Vcc-GND: Power supply for internal logic 
Vcc-VEE: Power supply for driver circuit logic 
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HD44105H 


Block Functions 
Oscillator 


A CR oscillator attached to an oscillation resistor 
Rf and an oscillation capacitor Cf. The oscillation 
frequency v aries with the values of Rf and Cf and 
the mounting conditions. Refer to electrical 


- Characteristics (note 10) to make proper adjustment. 


Timing Generation Circuit 


This circuit divides the signals from the oscillator 
and generates display timing signals (M, CL, and 
FRM) and operating clock (91 and 92) for 
HD44102CH according to the display duty ratio set 


by DS1 to DS3. In the slave mode, this block 


stops operating. It is meaningless to set FS1, FS2 
and DS1 to DS3. However, connect them to Vcc 
to prevent floating current. | 


Bidirectional Shift Register 


A 32-bit bidirectional shift register. The shift 
direction is determined by the SHL. The data input 
from DL or DR performs a shift operation at the 
rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 32 driver circuits is a multiplex circuit 
composed of four CMOS switches. The 
combination of the data from the shift register with 
the M signal allows one of the four liquid crystal 
display driver levels V1, V2, V5, and V6 to be 
transferred to the output terminals. 
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32 x 250 Dots 
1/32 Duty Cycle 
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HD61 100A 


(LCD Driver with 80- Channel Output) 


Description 


The HD61100A is a driver LSI for liquid crystal 
display systems. It receives serial display data from 
a display control LSI, HD61830, etc., and generates 
liquid crystal driving signals, 


Features 


It has liquid crystal driving outputs which > 


correspond to internal 80-bit flip/flops. Both static 
drive and dynamic drive are possible according to 
the combination of transfer clock frequency and 
latch clock frequency. 


Absolute Maximum Ratings 


Symbol 


Item 

Supply voltage (1) Voc 
Supply voltage (2) VEE 
Terminal voltage (1) VTi 
Terminal voltage (2) Vt2 
Operating temperature Topr 
Storage temperature | Tstg 


Liquid crystal display driver with serial/parallel 
conversion function | 
Internal liquid crystal display driver: 80 drivers 
Display duty cycle 

Any duty cycle is selectable according to 


- combination of transfer clock and latch clock 


Data transfer rate: 2.5 MHz max. 
Power supply 

Vcc: +5 V + 10% (Internal logic) 

Veg: 0 to -1.5 V ( Liquid crystal display 
driver circuit) 
Liquid crystal driving level: 17.0 V max. 
CMOS process 
100-pin flat plastic package (FP-100) 


Value Unit Note 
— 0.3 to +7.0 V 2. 
Voc — 19.0 to Vcc + 0.3 V 

—0.3 to Vcc + 0.3 Vv 2,3 
Vee — 0.3 to Voc + 0.3 V 4 

— 20 to +75 °C 

— 55 to +125 °C 





Notes: 1. 


LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In ordinary 


operation, it is desirable to use them within the limits of electrical characteristics, because 
using it beyond these conditions may cause malfunction and poor reliability. 


Peay 


All voltage values are referred to GND = 0 V. _ 
Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E, and M. 
Applies to Vit, Vir, Vat, Var, Vat, Var, Vat and Var. Must maintain: 


Vec 2 Vit = Vir 2 Vat = Var 2 Vat = Var 2 Vat = Var 2 Vee. 
Connect a protection resistor of 15 Q + 10% to each terminals in series. 
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Pin Arrangement 


Y30[.1 | 
Y29] 2 | 
Y28[ 3 | 
Y27| 4 | 
Y26[5 | 
¥251 6 | 
Y24| 7 | 
Y23[8 | 
Y22[9 | 
Y21[10) 
Y20(11. 
Y19[12! 
Y18/13| 
Y17([14) 
Y16[15| 
Y15[16) 
Y14 
Y13[18 
Y12[19] 
Y11[20) 
Y10[21 
Y9 [22 
Y8 (23) 
Y7 [24| 
Y6 [25) 
Y5 (26) 
Y4 
Y3 [28) 
Y2 [29] 
Y1 (30) 


99] Y32 
98] Y33 
97] ¥34 


10 Y31 


HD61100A. 


196] Y35 
195] Y36 
194] Y37 
193] Y38 
92] Y39 
91| Y40 
90] Y41 


89] Y42 
88] Y43 
86] Y45 
85] Y46 
84| Y47 
83] Y48 
82] Y49 
81| Y50 


87) 44 


80} Y51 
Y52 
Y53 
Y54 
76} Y55 
75| Y56 
74) Y57 
73] Y58 
72] Y59 
Y60 
Y61 
69} Y62 
68] Y63 
Y64 
66] Y65 
65] Y66 
64] Y67 
63} Y68 
62] Y69 
61] Y70 
60} Y71 
59] Y72 
58] Y73 
Y74 
56] Y75 
55| Y76 
54] Y77 | 
53] Y78 
52] Y79 
51] Y80 
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-HD61100A 
Electrical Characteristics 


DC Characteristics | 
(Vcc = 5 V + 10%, GND = 0 V, Veg = 0 to -11.5 V, Ta = -20 to +75°C) 


Item | Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vin 0.7xVec — Vcc Vv 1 
Input low voltage Vit O — 0.3xVcc V | 1 
Output high voltage Vou Vec-0.4 — — V loH = — 400 A 2 
Output low voltage Vor — — 04 V lo. = +400 pA 2 
Driver resistance Ron — — 7.5 kQ VeeE=-10V, 3 
Load current = 
100 1A 
Input leakage current lis -1 — +1 wA Vin=Oto Vcc 1 
Input leakage current liL2 -2 — +2 vA Vin=VeEtoVcc 4 
Dissipation current (1) Ienp — — 1.0 mA 5 
- Dissipation current (2) IEE — ~_— 0.1 mA 5 
Notes: Applies to CL1, CL2, FCS, SHL, E, M, DL, and DR. 


1 
2. Applies to DL, DR, and CAR. 
3. Applies to Y1—Y80. 
4. Applies to Vit, Vir, Vat, Var, Vat, Var, Vat, and Var. 
5. Specified when display data is transferred under following conditions: 
CL2 frequency fcp2 = 2.5 MHz (data transfer rate) 
_ CL1 frequency fcp: = 4.48 kHz (data latch frequency) 
M frequency fm = 30 Hz (frame frequency/2) 
Specified when Vin = Vcc, Vi = GND and no load on outputs. 
Ianb: currents between Vcc and GND. 
lee: currents between Vcc and V_e. 
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AC Characteristics 
(Vcc = 5 V + 10%. GND = 0 V, Ver = 0 to -11.5 V, Ta = -20 to +75°C) 


item Symbol Min Typ Max Unit Test Condition Note 
Clock cycle time tcyc 400 — — ns 

Clock high level width tCWH 150 — — ns 

Clock low level width tcw. 150 — — ns 

Clock setup time tscL 100 — — ns 

Clock hold time tHCL 100 — — ns 

Clock rise/fall time tet — — 30 | ns 

Clock phase different time tcL 100 — — ns 

Data setup time tpsu 80 — — ns 

Data hold time toH 100° — — ns 

E setup time tEsuU 200 — — ns 

Output delay time tpcaAR = — 300 ns 1 
M phase difference time tom — — 300 ns 





Note: 1. The following load circuits are connected for specification: 


tet tot in ~ 30 pF 












CLI 
tere 
CLe ViH 
| tpsu Vit 
tcwH tcwL tDH 
tet tet 
| | Vit 
cL1 VHF \ 
ViH 
CL2 _/ 3 
GAR ‘tDCAR 
E El 
tesu 
M | ViH 
tom 
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CL1- 


DL 
DR 


SHL 


CL2 





Vit Var Var Va 


_ Liquid crystal display 
te) lels| lle] aera Prey 


Y1 Y2 


Y80 VirVorVsRV4R 


mi 





Control circuit 


Voc 


GND 
VEE 


CAR 


WeIseIG YO 


VOOLL9GH 





Block Function 
Liquid Crystal Display Driver Circuit 


The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, V1, V2, V3 end V4 to be output. 


80-bit Latch Circuit 2. 


The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 


—S/P 


Serial/Parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is "L" level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR which is in the 
output status. 

When SHL is "H" level, input data from terminal 
DR without connecting any lines to terminal DL. — 


80-bit Latch Circuit 1 


The 4-bit data is latched at o1 to 920 and output to 
latch circuit 2. When SHL is "L" level, the data 
from DL are latched one in order of 12-93 ... > 
80 of each latch. When SHL is "H” level, they are 
latched in a reverse order (80-779-978 ... 1). 


HD61100A 


Selector 


The selector decodes output signals from the 
counter and generates latch clock $1 to ¢20. Wher 
the LSI is not active, o1 to 620 are not generated, 
so the data at latch circuit 1 is stored even if input 
data (DL, DR) changes. 


Control Circuit 


Controls operation: When E—F/F (enable F/F) 
indicates "1", S/P conversion is started by | 
inputting "L" level to E. After 80-bit data has been 
all converted, CAR output turns into "L" level and 
E—F/F is reset to "0", and consequently the 
conversion stops. E—F/F is RS flip-flop circuit . 
which gives priority to SET over RESET and is set 
at "H" level of CL1. . 
Counter consists of 7 bits, and the output signals | 
of upper 5 bits are transferred to the selector. CAR 
signal turns into "H" level at the rise of CL1 and 
the number of bit which can be S/P-converted 
increases by connecting CAR terminal with E 
terminal of the next HD61100A. 
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-HD61100A 


Terminal Functions Description 


Terminal 
Name 


Voc 
GND 
VEE 
Vit-VaL 
Virn-Var 


Y1—Y80 


CL1 


CL2 


DL, DR 


Number of 
. Terminals 


1 


4 
1 
8 


80 


VO 


Ae) 


Connected | 


to 


Power 
supply 


Power 
supply 


LCD 


Controller 


Controller 


Controller 


Controller 


Functions 
Voc — GND: Power supply for internal logic 
Vcc — Vee: Power supply for LCD drive circuit 


Power supply for liquid crystal drive. 


Vit (Vir), Vat (VaR): Selection level 
Vat (VaR), Vat (Var): Non-selection level 


Power supplies connected with Vit and Vir (VoL & Var, 
Va. & Var, Vat & Van) should have the same voltages. 


Liquid crystal driver outputs. 
Selects one of the 4 levels, V1, V2, V3, and V4. 


Relation among output level, M and display data (D) is as 
follows: 


Output 
level 


Lvilvs [v2 [v4] 


Switch signal to convert liquid crystal drive waveform into 
AC. a 


Latch clock of display data (fall edge trigger). 


Liquid crystal driver signals corresponding to the display 
data are output synchronized with the fall of CL1. 


Shift clock of display data (D). 
Falling edge trigger. 
Input of serial display data (D). 


| Liquid Crystal Liquid Crystal 
(D) Driver Output Display 
1 (High) Selection level On 


0 (Low) Non-selection level Off 


V/O status of DL and DR terminals depends on SHL input 
level. | | 





SHL-: DL ‘DR 

High =O | 

Low > i O 
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HD61100A 


Terminal Functions Description (cont) 


Terminal |§ Number of Connected 

Name Terminals VO to Functions 

SHL 1 H VecorGND Selects a shift direction of serial data. 

| When the serial data (D) is input in order of D1 > ... - D80, 
the relations between the data (D) and output Y are as 
follows. 
SHL Yi —s Y3 or Y80 
Low D1 D2 D3 ie D80 
High Dso D79 D78 sits D1 
When SHL is low, data is input from the terminal DL. No 
lines should be connected to the terminal DR, as it is in the 
output state. 
When SHL is high, the relation between DL and DR 
| reverses. 
E 1 | | GNDorthe Controls the S/P conversion. 


terminal Theo : Etch 
peration stops when E is high, and the S/P 
CAR of the — conversion starts when E is low. 


HD61100A 

CAR 1 O Input — Used for cascade connection with the HD61100A to 
terminalE increase the number of bits which can be S/P converted. 
of the 
HD61100A 

FCS 1 | GND Input terminal for test. 


Connect to GND. 





Operation of the HD61100A 


The following describes an LCD panel with 64 x — example of liquid crystal display and connection to 
240 dots on which characters are displayed with HD61100A's. Figure 2 is a time chart of 
1/64 duty cycle dynamic drive. Figure 1 is an HD61100A I/O signals. 
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con FTE 
com FF 
con BLE 


See SR aie OU CID ERD OSD conn exe rw aie CRED eH en Cote em mE 


63, 
80 


com 8 
come 


64, | 64, | 64, 
_| 80 | 81 | 82 





Cascade three HD61100As. Input data to the terminal DL of No. 1, No 2, and 
‘No. 3. Connect E of No. 1 to GND. Don’t connect any lines to CAR of No. 3. 
Connect common signal terminals (COM1—COM64) to X1~X64 of common driver 


HD61103A. (m,n) in LCD panel is the address corresponding to each dot. 


Figure 1 LCD driver with 64 x 240 dots 
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CAR(No. 1) 
CAR(No. 2) 
CAR(No. 3) 





Y1-—Y80 


M 
CL1 


Y1(No. 1) —XexXenxeneaxeiXer 


3 €2 69 C2 6,2 


YB0(No 1) AD ED ED ED 


¥80(No. 3) 


Y2{No. 1) 


GaKeranen MeaXeasXK XXX) 
CaeraKeaKesKeaaK XXX) 






Timing chart for the example of connection in figure 1. 
DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 





Timing 
chart 

of 
horizontal 
direction 


Timing 
chart 

of 
vertical 
direction 


Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 
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HD61100A 


Application Examples 


An Example of 128 x 240 Dot Liquid Crystal Display (1/64 Duty Cycle) 


joued seddr) 


HD61100A No. 6 
Y80 <<" ~____— Y1 


joued 18eMO 7] 


gz 
1g 
: 





Figure 3 128 x 240 Dot Liquid Crystal Display 


The liquid crystal panel (figure 3) is divided into 
upper and lower parts. These two parts are driven 
separately. HD61100As No. 1 to No. 3 drive the 
upper half. Serial data, which are input from the 
DATA(1) terminal, appear at Y; > Y2 > -- Ygo 
terminal of No. 1, then at Y; > Y2 —> -- Ygo of 
No. 2 and then at Y; > Y2 — -- Ygo of No. 3 in 
the order in which they were input (in the case of 


SHL = low). HD61100As No. 4 to No. 6 drive the 


lower half. Serial data, which are input from the 
DATA(2) terminal, appear at Ygo — Y79 > -- Y) 
of No. 4, then at Ygq — Y79 — -- Y; of No. 5 and 
then Ygo — Y79 — -- Y; of No. 6 in the order in 
which they were input (in the case of SHL = high). 
As shown in this example, PC board for display 
divided into upper and lower half can be easily 
designed by using SHL terminal effectively. 
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HD61100A 


Example of 64 x 150 Dot Liquid Crystal Display (1/64 Duty Cycle, SHL = Low) 


Liquid crystal display panel 


Yi <—™.— _ Y80 Y1-"™__ Y70 
HD61100A No. 1 HD61100A No. 2 


Figure 4 64 x 150 Dot Liquid Crystal Display 





4-bit parallel process is used in this LSI to lessen the power dissipation. 
Thus, the sum of the dots in horizontal direction should be multiple of 4. __ 
If not, as this example (figure 4), consideration is needed for input signals (figure 5). 


RAEN SEX) 
ail Effective data ———— Gomety P—_ 


Figure 5 Input Dots, 150 Horizontal Dots 





As the sum of dots in lateral direction is 150, 2 more dummy data bits are transferred (152 = 4 x 38). 
Dummy data, which is output from Y71 and Y72 of No. 2, can be either 0 or 1 because these terminals do 
not connect with the liquid crystal display panel. 
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(Dot Matrix Liquid Crystal Graphic 


Description 


HD61102 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
‘micro-controller in internal display RAM and 
generates dot matrix liquid crystal driving signals. 


Each data bit of display RAM corresponds to the 
on/off state of a dot of the liquid crystal display. 


As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
displays with many dots. 


The HD61102, which is produced by the CMOS 
process, can complete a portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's oy 
power dissipation. 


Moreover it can facilitate dot matrix liquid crystal 

graphic display system configuration in 
combination with the row (common) driver 
HD61103A. 


Features 


e Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 
¢ RAM data direct display by internal display 
RAM | 
RAM bit data 1: On 
RAM bit data 0: Off 
¢ Internal display RAM address counter: 
Preset, increment 
Display RAM capacity: 512 bytes (4096 bits) 
8-bit parallel interface 
Internal liquid crystal display driver circuit: 64 
Display duty: 
Combination of frame control signal and 
data latch synchronization signal make it 
possible to select static or optional duty 
cycle 
¢ Wide range of instruction function: 
7 Display Data Read/Write, Display On/Off, 
Set Address, Set Display Start Line, 
Read Status 
e Lower power dissipation: during display 2mW 
max . 
e Power supply: 


Vcc: +5 V + 10% 

Ver: 0 V to—10 V 

e Liquid crystal display driving level: 15.5 V 
max 

¢ CMOS process 

¢  100-pin flat plastic package (FP-100) 
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HD61102 


Pin Arrangement 


pe iTIN 
Zlalale 2 op 9 
CIOIO O Zio z 


BIR PIRBIBIBIS 


198] 2 1 
197 | 
96] CL 
95] D/A 
re 
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HD61102 


Absolute Maximum Ratings | 





item | _ Symboi Value Unit Note 
Supply voltage Voc — 0.3 to +7.0 V 2 
| VEE Vec~ 16.5 to Voc + 0.3 V 3 
Terminal voltage (1) Vr1 Ver — 0.3 to Voc + 0.3 V 4 
Terminal voltage (2) Vr2 -0.3 to Voc + 0.3 V 2,5 
Operating temperature Topr -20 to +75 °C 
Storage temperature Tstg -55 to +125 °C 


Notes: 1. LSIs may be destroyed if they are used beyond the absolute maximum ratings. 
In ordinary operation, it is desirable to use them within the recommended operating conditions. 
Use beyond these conditions may cause malfunction and poor reliability. 
All voltage values are referenced to GND = 0 V. 
Apply the same supply voltage to Veg; and Veg. 
4. Applies to V1L, V2L, V3L, V4L, V1R, V2R, V3R, and V4R. 
Maintain 
Voc 2 VIL = VIR = V3L = V3R 2 V4L = V4R 2 V2L = V2R 2 VEE 
5. Applies to M, FRM, CL, RST, ADC, 61, 92, CS1, CS2, CS3, E, RW, D/l, ADC, and DBO-DB7. 


SN 
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HD61102 


Electrical Characteristics 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ver = 0 to -10V, Ta = -20 to +75°C) 


Limit 
Item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vinc 0.7xVoo — #Vec - V 1 
Vint 2.0 — Vec V 2 
Input low voltage Vitc 0 — 0.3xVcc V 1 
Mit 0 _ 0.8 V 2 
Output high voltage VoH 2.4 — — V IOH = -205 pA 3 
Output low voltage ~ Vor — — 0.4 V IOL = 1.6 mA 3 
Input leakage current Nie -1.0 — +1.0 pA Vin = GND—Voc 4 
High impedance off Itst -5.0 —  +5.0 yA Vin=GND-Vcc 5 
input current 
Liquid crystal supply se —2.0 _ +2.0 A Vin = Veg —Voco 6 
leakage current 
Driver on resistance Ron _ — 7.5 | KQ Voc-VeeE=15V 7 
| +h oap = 0.1 mA 
Dissipation current loc(1) —_ — 100 pA During display 
loc(2) — — 500 pA During Access 
access cycle = 
1 MHz 





Applies to M, FRM, CL, RST, ADC, 91, and 92. 

Applies to CS1, CS2, CS3, E, R/W, D/l, and DBO-DB7. 

Applies to DBO—DB7. 

Applies to terminals except for DBO—DB7. 

Applies to DBO-DB7 at high impedance. 

Applies to ViL—V4L and ViR-V4R. 

Applies to Y1-Y64. 

Specified when liquid crystal display is in 1/64 duty. 
Operation frequency: fo_K = 250 kHz (61 and 62 frequency) 
Frame frequency: fu = 70 Hz (FRM frequency) 

Specified in the state of 
Output terminal: Not loaded 


Notes: 


252 SS AS 


Input level: Vin = Voc (V) 
Vit. = GND (V) 
Measured at Vcc terminal 
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HD61102 


Interface AC Characteristics 


272 


erfa : | . 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Vez = 0 to -10 V, Ta = -20 to +75°C) 


item Symbol Min Typ Max Unit Note 
E cycle time tcyc 1000 — — ns 1,2 
E high level width PweH 450 i = ns —S> 1,2 
E low level width Pwet 450 —_ — — ins 1,2 
_E rise time tr _— _— 25 ns 1,2 
E fall time tf — _— 25 ns 1,2 
Address setup time tas 140 — — ns 1,2 
Address hold time tAH 10 — — ns 1,2 
Data setup time —- tpsw 200 — — ns 1 
Data delay time topr — ~ 320 ns 2,3 
Data hold time (Write) toHw 10 — — — sans 1 
Data hold time (Read) toHR 20 — _ ns 2 
Notes: 1. 
tcyc 
2.0V 7 
. 0.8V ve. ; 
2.0V 
RAW ae \j<—tas 1 


CS1-CS3 eos | 
Di | __08V 
| 0.8V 


Figure 1 CPU Write Timing 
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HD61102 


CS1-CS3 2.0V { 
DA 0.8 V 

24v f 

0.4V 


Figure 2 CPU Read Timing 


3. DBO—DB7: load circuit 


RL =2.4kQ 

R =11kQ 

C = 130 pF (including jig capacitance) © 
Diodes D1 to D4 are all IS2074 ). 
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HD61102 


7 


Clock Timing : _ 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Veg = 0 to -10V, Ta = -20 to +75°C) 


Limit | | 
item Symbol Min Typ Max Unit Test Condition 
$1, 62 cycle time tcyc 2.5 — 20 Bs Fig. 3 
¢1 low level width twLet 625 — — ns Fig. 3 
¢2 low level width twie2 625 — —_ ns Fig. 3 
61 high level width twHe1 1875 —_ — ns Fig. 3 
$2 high level width twHe2 1875 — _ ns Fig. 3 
1-2 phase difference toi2 625 — — ns Fig. 3 
$2—1 phase difference to21 625 — — ns Fig. 3 
$1, $2 rise time tr — — 150 ns Fig. 3 
$1, ¢2 fall time — tho = —~ 150 ns Fig. 3 





Figure 3 External Clock Waveform 
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HD61102 


Display Control Timing 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Veg = 0 to -10V, Ta = -20 to +75°C) 


7 Limit 
Item Symbol Min Typ Max Unit Test Condition 
FRM delay time toFRM ~2 — +2 us Fig. 4 
M delay time tom -2 _ +2 ps Fig. 4 
CL low level width tWLCL 35 — — ps Fig. 4 
CL high level width tWHCL 35 — — us Fig. 4 





Figure 4 Display Control Signal Waveform 
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HD61102 


Block Diagram 
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HD61102 


Terminal Functions 


Terminal Number of Connected 
Name Terminals 1/0 to Functions 
| Voc 2 Power Power supply for internal logic. 
GND supply Recommended voltage is 
GND =0V 
Voc = +5 V+ 10% 
VeE1 2 Power Power supply for liquid crystal display drive circuit. 
VeE2 supply Recommended power supply voltage is Vog —15 to GND. 


Connect the same power supply to Veg, and Vero. 
Vee: and Vege are not connected to each other in the LSI. 


ViIL,ViIR 8 Power Power supply for liquid crystal display drive. 

V2L, V2R supply Apply the voltage specified for the liquid crystals within the 
V3L, V3R limit of Veg through Voc. 

V4L, V4R 


VIL (V1R), V2L(V2R): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 


Power supplies connected with ViL and V1R (V2L & V2R, | 
V3L & V3R, V4L & V4R) should have the same voltages. 


3 I MPU Chip selection. 

Data can be input or output when the terminals are in the 
following conditions: 

Terminal name CS1 CcS2 CS3 
Condition _ L L H 
Enable 


At write(R/W =low): Data of DBO to DB7 is latched 
at the fall of E. 

At read(R/W = high): Data appears at DBO to DB7 
while E is high. 


B44 


m 
only 
= 
U 
Cc 


R/W 1 l MPU Read/write. 
R/W = High: Data appears at DBO to DB7 and can be 


read by the CPU when E = high, CS1, CS2 
_ = low and CS3 = high. 
R/W =Low: DBO to DB7 accepted at fall of E when 


CS1, CS2 = low and CS3 = high. 
D/I 1 I MPU — Data/Instruction. 


~D/l=High: Indicates that the data of DBO to DB7 is 
display data. 
D/i= Low: Indicates that the data of DBO to DB7 is 
display control data. 





ADC 1 ; Vcc/GND _ Address control signal determine the relation between Y 


address of display RAM and terminals from which the data is 
output. 

ADC = High: Y1-$0, Y64—$63 

ADC = Low: Y64—$0, Y1-$63 
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HD61102 


Terminal Functions (cont) 


Terminai Number of 
Terminals 


278 


Name 
DBO-DB7 8 
M 1 
FRM 1 
CL 1 
$1, $2 1 
Y1-Y64 64 
RST 1 
pY 1 
NC 2 
| Note: 


Connected 
1/0 to 


VO MPU 


HD61103A 


HD61103A 


HD61103A 


HD61103A 


Liquid 
crystal 
display 


CPU or 
external 
CR 


Open 


Open 


Functions 


‘Data bus, three-state I/O common terminal. 


Switch signal to convert liquid crystal drive waveform into 
AC. 


Display synchronous signal (frame signal). Presets the 6-bit 
display line counter and synchronizes a common signal with 
the frame timing when the FRM signal becomes high. 


Synchronous signal to latch display data. The rising edge of 
the CL signal increments the display output address 
counter and latches the display data. 


2-phase clock signal for internal operation. The 1 and 92 
clocks are used to perform operations (I/O of display data 
and execution of instructions) other than display. 


Liquid crystal display column (segment) drive output. 


These pins output light on level when 1 is in the display 
RAM, and light off level when 0 is in it. 


Relation among output level, M, and display data (D) is as 


M [Tt Loo 
D 7 Lof7 Lo] 


Output | V1 | Med ud V4 | 
level 


The following registers can be initialized by setting the RST 
signal to low level: 


1. On/off register set to 0 (display off) 
2. Display start line register set to line 0 (displays 
from line 0) 


After releasing reset, this condition can be changed only by 


follows: 


-instruction. 


Output terminal for test. Normally, don't connect any lines 
to this terminal. 


Unused terminals. Don't connect any lines to these 
terminals. 


1 corresponds to high level in positive logic. 
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par SL re en 


Function of Each Block 


Interface Control 


1. VO buffer 
Data is transferred through 8 data buses (DB0O-DB7). 
DB7: MSB (most significant bit) 
DBO: LSB (least significant bit) 
Data can neither be input nor output unless CS1 to 
CS3 are in the active mode. Therefore, when CS1 
to CS3 are not in active mode it is useless to 
switch the signals of input terminals except RST 
and ADC, that is namely, the internal state is 
maintained and no instruction excutes. Besides, pay 
attention to RST and ADC which operate 
irrespectively by CS1 to CS3. 


2. Register 

Both input register and output register are provided 
_ to interface to MPU whose the speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals. 


a. Input Register 

The input register is used to store data 
temporarily before writing it into display data 
RAM. The data from MPU is written into input 
register, then into display data RAM 
automatically by internal operation. 


Table 1 Register Selection 


Reads data out of output register as internal operation (display data RAM 


HD61102 


When CSI to CS3 are in the active mode and 


D/I and R/W select the input register as shown 
in table 1, data is latched at the fall of E signal. 


b. Output Register 

The output register is used to store data 
temporarily that is read from display data RAM. 
To read out the data from the output register, 
CSI to CS3 should be in the active mode and 
both D/I and R/W should be 1. The read display 
data instruction outputs data stored in the output 
register while E is high. Then, at the fall of E, 
the display data at the indicated address is latched 
into the output register and the address is 
increased by 1. The contents in the output 
register is rewritten with READ instruction, 
while is held with address set instruction, etc. 


Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one 
dummy read is necessary. Figure 5 shows the 
CPU read timing. | 





Writes data into input register as internal operation (input register — display 


D/I R/W Operation | 
1 1 
output register). 
1 0 
data RAM). | 
Busy check. Read of status data. 
0. 0 Instruction. 
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HD61102 


Busy Flag 


Busy flag = 1 indicates that HD61102 is operating 
and no instructions except status read can be 
_ accepted (figure 6). The value of the busy flag is — 


280 


N+2 


Figure § CPU 


N +1 


Address 


Output 





register 


Data 
address 
N +1 





Busy 


check 





Read 


data at 


address 
N 





Busy 


check 


Read 
data 


(dummy) 





Busy 


check 





Write 


address — 
N 





Busy 


DBO—DB7 


check 


Read Timing 


read out on DB7 by the Status Read instruction. 
Make sure that the busy flag is reset (0) before 
issuing an instruction. 
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= T Busy = 


1/forxk<T Busy <3/fcik 





forx is@1,@2 frequency 


Figure 6 Busy Flag 


Display On/Off Flip/Flop 


The display On/off flip/flop selects one of two 
States, on state and off state of segments Y1 to 
Y64. In on state, the display data corresponding to 


that in RAM is output to the segments. On the | 


other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is controlled by the display on/off 
instruction. RST signal = 0 sets the segments in 
off state. The status of the flip/flop is output to 
DBS by the status read instruction. The display 
on/off instruction does not influence data in RAM. 
To control display data latch by this flip/flop, Cl 
signal (display erm signal) should be input 
corey. 


Display Start Line Register 


The register specifies a line in RAM that 
corresponds to the top line of the LCD panel, when 
displaying contents in display data RAM on the 
LCD panel. It is used for scrolling the screen. 


6-bit display start line information is written into 
this register by the display start line set instruction, 
with high level of FRM signal signalling the start 
of the display, the information in this register is 
transferred to the Z address counter, which controls 
the display address, and the Z address counter is 


preset. 


X, Y Address Counter 


A 9-bit counter that designates addresses of internal 
display data RAM. X address counter (upper 3 bits) 
and Y address counter (lower 6 bits) should be set 
by the respective instructions. 


1. X address counter 
Ordinary register with no count functions. An - 


address is set by instruction. 


2. Y address counter 

An address is set by instruction and it is increased 
by 1 automatically by display data R/W operations. 
The Y address counter loops the values of 0 to 63 


_ to count. 


Display Data RAM 


Dot data for display is stored in this RAM. 1-bit 
data of this RAM corresponds to light on (data = 1) 
and light off (data = 0) of 1 dot in the display panel. 
The correspondence between Y addresses of RAM 
and segment PINs can be reversed by ADC signal. 


As the ADC signal controls the Y address counter, 
a reverse of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, always 
connect ADC pin to Vcc or GND when using. 


Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 


and ADC = 0 (display start line = 0, 1/64 duty 
- cycle). | 
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(HD61103A X1) 
(HD61103A X2) 
(HD61103A X3) 
(HD61103A X4) 
(HD61103A X5) 
(HD61103A X6) 
(HD61103A X7) 
(HD61103A X8) 
(HD61103A X9) 







LCD 
display pattern 


oa COM62 (HD61103A X62) 
Ree —COM63 (HD61103A X63) 
Y | [ -——— come4 (HD61103A X64) 


val ese 
Line 0 ~aoo oft | 0[0| DBO(LSB) 
Line 1 ----- | | 7 DB1 
Line 2 ----- 0 | | i DB2 

DB3 

DB4 

DB5 

DB6 
DB7(MSB) 


Display 
_ RAM data 


Line 62 
Line 63 


616263 RAM Y Address | 


ADC =1 (Connected to Voc ) 


Figure 7 Relation between RAM Data and Display 
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COM1 = (HD61103A X1) 
COM2 (HD61103A X2) 
COM3  (HD61103A X3) 
COM4 (HD61103A X4) 








nae COMS  (HD61103A X5) 
ia cael COM6 (HD61103A X6) 
COM7 (HD61103A X7) 
COM8  (HD61103A X8) 
COM9 . (HD61103A X9) 
Brace ai el COM62 (HD61103A X62) 
ee Ze COM63 (HD61103A X63) 
oie Pelee COM64 (HD61103A X64) 
Bisa Yi 
Line 0 ----- bs ahead ofofofs |— DBO(LSB) 
Line1-----Hifofofolifo[ ss 0 010 }1 F-— DB1 
Line 2 -----F11/0]0/0]1/0] 1 ofolt --9 DB2 
oeeoer 0 fol 479 DB3 
o]o]1 {1 DB4 
 .  WaTofololrfol § 0 ofolr DBS 
Display |[rfofofoltjol ____ LEE 
RAM data | —+——+"+—_+}-+-_-- — -—-- 0 O10} F779 DB6 
Susan’ 0j0}0|0 DB7(MSB) 
Set ojojo|o 
ee ec eee a 
~e ae n> 








616263 RAM Y Address 


ADC =1 (Connected to GND) 


Figure 7 Relation between RAM Data and Display (cont) 
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HD61102. 
Z Address Counter 


tea Adeaaaaa far 
The Z address counter evncraws GUGresses 1Or 


outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At FRM 
high, the contents of the display start line register 
are preset in the Z counter. 


Display Data Latch 


The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit. 


Data is latched at the rise of the CL signal. The 
display on/off instruction controls the data in this 
latch and does not influence data in display data 
RAM. 


Liquid a aes Display Driver Circuit 
The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, V1, V2, V3, and V4 to be output. 


Reset 


The system can be initialized by setting RST 
terminal to low when turning power on. 
1. Display off 
2. Set display start line register 
line 0 


While RST is low level, no instruction except 
status read can be accepted. Therefore, carry out 
other instructions after making sure that DB4 = 0 
(clear RESET) and DB7 = 0 (ready) by status read 
instruction. 


_ The conditions of the power supply at initial power 





up are as in table 2. 
Table 2 Power Supply Initial Conditions 
Item Symbol Min Typ Max Unit 
Reset time tasT 1.0 = — us 
Rise time t, — — ~ 200 ns 





Do not fail to set the system again because RESET during operation may destroy the data in all the 


registers except on/off register and in RAM. 


RST 


Voc 
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Display Control Instructions 
Outline 


Table 3 shows the instructions. Read/write (R/W) 
signal, data/instruction (D/I) signal and data bus 
signals (DBO to DB7) are also called instructions 
because the internal operation depends on the 
signals from MPU. 
These explanations are detailed in the following 
pages. Generally, there are the following three 
kinds of instructions. 

1. Instruction to set addresses in the internal 

"RAM 
2. Instruction to transfer data from/to the 
internal RAM | | 
3. Other instructions 


HD61102 


In general use, the second type of instruction are 
used most frequently. Since Y address of the 
internal RAM is increased by 1 automatically after 
writing (reading) data, the program can be 
shortened. During the execution of an instruction, 
the system cannot accept instructions other than the 
status read instruction. Send instructions from 
MPU after making sure that the busy flag is 0, 
which is the proof that an instruction is not being 
excuted. | 
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. : Code 
Instructions R/W D/I| DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO Functions 


Display on/off 0 0 o Oo 1 1 1 1 1 1/0 Controls display on/off. RAM data and internal 
| -  $tatus are not affected. 1: on, 0: off. 


Specifies the RAM line displayed at the top of the 


Display start line 0 oO 1 1 Display start line (0-63) 
| | screen. 


Set page (X address) 0 0 1 0 1 1 1 Page (0-7) Sets the page (X address) of RAM in the page (X 
| : | address) register. 


Set Y address 0 0 0 1 Y address (0-63) Sets the Y address in the Y address counter. 
Status read 1 0 Busy 0 ON/ RE- 0 0 0. 0 Reads the status. 


OFF SET RESET 1: Reset 
: 0: Normal 


ON/OFF _ 1: Display off 
0: Display on 

Busy 1: Executing internal operation 
0: Ready — 


Write display data 0 1 Write data Writes data DBO (LSB) Has access to the 
| to DB7 (MSB) on the address of the display 
data bus into display RAM specified in 
RAM. advance. After the 
Read display data 4 1 Readdata Reads data DBO (LSB)  2°°8SS, Y address is 
| | to DB7 (MSB) from the ‘increased by 


display RAM to the data 
bus. 





Note: 1. Busy time varies with the frequency (fc_K) of $1, and $2. 
| (1/foik = Tausy ¢ 9/ foLk) 


SUOIJIN.ASUT = ¢€ IqQBL 


cOLL9OCH 


HD61102 


Detailed Explanation 


1. Display on/off 





D/l DB7 DBO 


— high-order bit low-order bit —> 
The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
when D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = 0 into 
D=1. | 


2. Display start line 





D/l DB7 DBO 


+— high-order bit low-order bit —> 


Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed at 
the top of the screen. | 
Figure 7 shows examples of display (1/64 duty cycle) when the start line = 0-3. When the display duty 
cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD screen, from the line 
specified by display start line instruction, is displayed. — | 
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COM1 
~COM2 
-COM3 

COM4 

COMS5 

COM6 

COM7 


COM9 


COM60 
COM61 
COM62 
COM63 
~ COM64 





Start line = 0 


COM1 COM1 
COM2 COM2 
COM3 ~-COM3 
COM4 ~COM4 
COMS5 COM5 
COM6 COM6 
COM7 ~COM7 
COM8 COM8 
COMS COM9 





COM60 COM60 
COM61 COM61 
COM62 COM62 
COM63 COM63 


COM64 COM64 





Start line = 2 | Start line = 3 


Figure 7 Relation Between Start Line and Display 
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HD61102 


3. Set page (X address) 





D/l DB7 DBO 


<— high-order bit low-order bit —> 


X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 8. 


_ 4 Set Y address 





D/l DB7 DBO 


_ «— high-order bit low-order bit —> 


Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 


Y address 
0 1 2 -------------------------------- §1 62 63 


Figure 8 Address Configuration of Display Data RAM 
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5. Status Read 


Teen” | ll Bal ty 


BAY D/L DB} 
@ ON/ IRESET 


<— high-order bit low-order bit —> 


Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 
Busy is 1, so you should make sure that Busy is 0 before writing the next instruction. 
ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is 1, the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 
RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 
except Status read can be accepted. 
RESET = 0 shows that initializing has finished and the system is in the usual opeminen 
condition. 


6. Write Display Data 





RW D/l DB7 DBO 


+— high-order bit low-order bit —> 


Writes 8-bit data DDDDDDDD oe) into the display data RAM. Then Y address is increased by 1 
automatically. 


7. Read Display Data 


RW D/l DB7_ DBO 


_ high-order bit low-order bit —> 





Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 


One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register i in "FUNCTION OF EACH BLOCK". 
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Use of HD61102 


Interface with HD61103A (1/64 duty cycle) 










COM! LCD panel 


o 
cOMe4 W 







HD61102 





External CR 


CPU 


R3 =15Q 
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Input 


Non-selected 


The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 


Figure 9 LCD Driver Timing Chart (1/64 duty cycle) 
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HD61102: 


Interface with CPU 


1. Example of connection with HD6800 


HD6800 HD61102 





Figure 10 Example of Connection with HD6800 Series 


_ In this decoder (figure 10), addresses of HD61102 in the address area of HD6800 are: 
Read/write of the display data $FFFF 


Write of display instruction $FFFE 
Read out of status $FFFE 


Therefore, you can control HD61102 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 


74LS154 


HD61102 
No. 1 | 





Figure 11 Example of Connection with HD6801 


¢ Set HD6801 to mode 5. P10 to P14 are used as 
the output port and P30 to P37 as the data bus 
(table 11). 

_ © 74LS154 4-to-16 decoder generates chip select 

| signal to make specified HD61102 active after 

decoding 4 bits of P10 to P13. 

_ © Therefore, after enabling the operation by P10 

to P13 and specifying D/I signal by P14, 

read/write from/to the external memory area 
($0100 to $01FE) to control HD61102. In this 
case, IOS signal is output from SC1 and R/W 
signal from SC2. 

¢ For details of HD6800 and HD6801, refer to 
their manuals. 
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Example of Application 


HD61102 HD61102 
No. 10 No. 16 


Y1 -—~ Y64 Y1 — Y64 


= 


LCD Panel 
128 x 480 dots 


ed 
Nod 

§ 

i 

1 

! 

' 

t 

§ 

j 

i 

1 

{ 

i 

I 

i 


2 
oO 
= 
o 


Y1i- Y64 Y1- Y64 Yi-~ Y64 
HD61102 HD61102 HD61102 
No. 1 No. 2 No. 8 


Figure 12 Application Example 





Note: In this example (figure 12), two HD61103As output the equivalent waveforms. So, stand-alone 
_ operation is possible. In this case, connect COM1 and COME65 to X1, COM2 and COME66 to Xz2 ..., 
and COM64 and COM128 to X64. However, for the large screen display, it is better to drive in 2 
rows as in this example to guarantee the display quality. 
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HD611 03A— 
(Dot Matrix Liquid Crystal Graphic 


Disnla av Common Dr ver) 


~~ “os ~~ WwoHuaeetes @ a Praw 


Description | Features 


The HD61103A is acommon signal driver for dot * Dot matrix liquid crystal graphic display 
matrix liquid crystal graphic display systems. It common driver with low impedance 

generates the timing signals (switch signal to ° Low impedance: 1.5 kQ max 

convert LCD waveform to AC, frame synchronous © Internal liquid crystal display driver circuit: 64 


signal) and supplies them to the column driver to circuits 

control display. It provides 64 driver output lines ° ‘Internal dynamic display timing generator 

and the impedance is low enough to drive a large circuit | 

screen. ¢ Selectable display duty ratio factor 1/48, 1/64, 
| 1/96, 1/128 

As the HD61103A is produced by a CMOS «+ Canbeused as acolumn driver transferring data 

process, it is fit for use in portable battery drive serially 

equipments utilizing the liquid crystal display's low | * Low power dissipation: During display: 5 mW 

power consumption. The user can easily constructa ° Power supplies: Vcc: +5 V+ 10% 

dot matrix liquid crystal graphic display system by Veg: 0 to-11.5 V 

combining the HD61103A and the column - LCDdriver level: 17.0 V max 

(segment) driver HD61102. e CMOS process 


¢  100-pin flat plastic package (FP-100) 


Absolute Maximum Ratings 


Item | Symbol — Limit Unit Note 
Power supply voltage (1) Voc —0.3 to +7.0 Vv 2 
Power supply voltage (2) | VEE Voc 19.0 to Veco + 0.3 V 5 
Terminal voltage (1) V14 0.3to Voc +03 Vv | 2,3 
Terminal voltage (2) Vr2 Veg — 0.3 to Voc + 0.3 V 4,5 
Operating temperature Topr -20 to +75 | °C 

Storage temperature. Tstg -55to125 — 3 °C 


Notes: 1. lf LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 

2. Basedon GND =0 V. 

3. Applies to input terminals (except ViL, V1R, V2L, V2R, V5L, VSR, V6L, and V6R) and 1/O 
common terminals at high impedance. 

4. Applies to ViL, V1R, V2L, V2R, VSL, V5R, V6L, and V6R. 

5. Apply the same value of voltages to ViL and V1R, V2L and V2R, VSL and V5R, V6L and V6R, 
Veg (23 pin) and Vege (58 pin) respectively. 
Maintain Voc 2 V1L = V1R 2 V6L = V6R > V5L = V5R 2 V2L = V2R 2 Veg 
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Pin Arrangement 


X22 
X21 
X20 


FB KBB BB 
m | O-NWANA NAD O 
SIS] Solos Slaslora esis |= [alo |eo oleae) 


V6L [24 
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100 X23 
99] X24 
98| X25 
197] X26 
96] X27 
94] X29 
93| X30 
92] X31 
91 | X32 
90] X33 
89 | X34 
88] X35 
86] X37 
85] X38 
84] X39 
83] X40 


82] X41 


87] X36 
81 | X42 


180} X43 
X44 
X45 
X46 
X47 
'75| X48 
X49 
73} X50 
72| X51 
X52 
X53 
69] X54 
68] X55 
X56 
66} X57 
65] X58 
64] X59 
163} X60 
62] X61 
161] X62 
60] X63 
59] X64 
S8] Vee 
V6R 
56] VSR 
55| V2R 
54) V1R 
53] TH 
52] CL2 
51] CL1 


FRM (46) 
M 

FCS [49) 
DR {50) 


(Top view) 
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HD61103A 


Electrical Characteristics 


DC Characteristics (Voc = +5 V + 10%, GND = 0 V, Vex = 0 to -11.5 V, 
Ta = -20 to +75°C) 
| Specifications | | 
Test item Symbol Min Typ Max Unit Test Conditions Note 
Input high voltage Vin 0.7xVCC — #£Vcc V 1 
Input low voltage Vit GND — 03xVoo V 1 
Output high voltage Vow Vec-04 — — V loy = -0.4 mA 2 
Vi-Xj on resistance Ron —_ — 15 kQ ss Vec—Vee=10V 3 
Load current 
+150 pA 
Input leakage current = Ii 4 -1.0 — +1.0 yA Vin = 0 t0 Voc 4 
Input leakage current — ito —2.0 —  +2.0 pA Vin=VeeEtoVcc 5 
Operating frequency fopr1 50 — 600 kHz In master mode 6 
| External clock 
| | operation 
Operating frequency fopr2 50 — 1500 kHz In slave mode 7 
| : | Shift register | 
Oscillation frequency fosc 315 450 585 kHz Cf = 20 pF + 5% 8,13 
. : Rf = 47kQ+4 2% 
Dissipation current (1) leas —_— _ 1.0 mA In master mode 9, 10 
1/128 duty cycle | 
Cf = 20 pF 
| Rf = 47 kQ 
Dissipation current (2) lege —_ —_ 200 pA _ In slave mode 9,11. 
| | 1/128 duty cycle | 
Dissipation current —s_ ee _— — 100 pA — _Inmastermode _—9,, 12 
| 1/128 duty cycle 


Notes: 1. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH and I/O 
common terminals DL, M, DR and CL2 in the input state. 
2. Applies to output terminals, 61, 62, and FRM and I/O common terminals DL, M, DR, and CL2 in 
the output status. 
3. Resistance value between terminal X (one of x1 to X64) and terminal V (one of V1L, V1R, V2L, 
V2R, VSL, VSR, V6L, and V6R) when load current is applied to each terminal X. 
Equivalent circuit between terminal X and terminal V. 
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HD61103A 


Vt» Vir 
Va_. VaR 
VL» \5R 
Ve» Ver 


Terminal X (X1-X64) 





Connect one of the lines 


4. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, /O common 
terminals DL, M, DR and CL2 in the input status and NC terminals. 

5. Applies to V1L, VIR, V2L, V2R, V5L, VSR, V6L, and V6R. 
Don't connect any lines to X1 to X64. 

6. External clock is as follows. 


TH TL 








Duty cycle = =H x 100% 
Min Typ Max Unit 


Duty 45 «50 55% 


° 


External clock 
waveform 


0.7Vcc 
0.5Vcc 
0.3Vcc 







| 5 as he ee 
"oP ticp trep - - 50 ns 
External — 
clock Open Open tlep - 50° os 
CR R C 7 


7. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 
8. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is twice as much as the frequency (fo) at o1 or 2. 


Cf 
Rf 
CR R C 


o1, 02 





Cf = 20 pF 
Rf = 47kQ fosc = 2 x fo 


9. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at Vj = Voc and Vy = GND. 

10. This value is specified for current flowing through GND in the following conditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is 
connected to Vcc and each of CL1 and TH to GND. Oscillator is set as described in note 8. 

11. This value is specified for current flowing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS and CR is connected to Voc, CL1, TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and DL 
of the HD61103A under the conditions described in note 10. 
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HD61103A 


12. This value is specified for current flowing through Ve¢ under the condition described in note 
10, Don't connect any lines to terminal V. | 

13. This figure shows a typical relation among oscillation frequency, Rf and Cf. Oscillation 
frequency may vary with the mounting conditions. | 
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HD61103A 


Characteristics 


(Vcc = +5 V + 10%, GND = 0 V, Veg = 0 to -11.5 V, Ta = -20 to +75°C) 


1. Slave Mode (M/S = GND) 


CL2 0.7Vec 
(FCS=GND) =. 3V¢0, 


tr 
CL2 0.7Vcc J 


(Shift clock) 


(FCS = Voc) 
(Shift clock) 0.3Vcec 


DL (SHL = Voc) 
DR (SHL = GND) 
Input data 


DL (SHL = GND) 
Output data 








Item Symbol Min Typ Max Unit Note 

CL2 low level width (FCS = GND) tWLecLat 450 — _— ns 

CL2 high level width (FCS = GND) tWHCL2L 150 = = ns 

CL2 low level width (FCS = Voc) - tWLECL2H 150 — — ns 

CL2 high level width (FCS = Voc) tWHCL2H 450 — — ns 

Data setup time a tps 100 — — ns 

Data hold time toH 100 — —_— ns 

Data delay time top — — 200 ns 1 
Data hold time toHw 100 aa ns 

CL2 rise time tr — — 30 ns 

CL2 fall time tf _ — £980 ns 





Note: 1. The following load circuit-is connected for specification. 


Output 


Terminal 30 pF (Includes jig capacitance) 


ar 
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2. Master Mode (M/S = Vcc, FCS = Vcc; Cf = 20 pF, Rf = 47 kQ) 





CL2 ONE 
tDH 
DR (SHL = GND) 
DR (SHL = Voc) 
DL (SHL = GND) 
| tpFRM tDFRM 
0.3Vcc 
tom 
0.7V 
M cc 
0.3Vcc 
tr tr | twHot 
‘ ) 0.7 Noe 
o1 | 0.5 
lL o3Voe” 
| twie1 toi2 tp21 7 7 | 
@2 | | | 0.5Vcc 
| i ( | twis2 0.3Vec 
tt twrea tr 
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Item Symbol Min Typ Max Unit Note 
Data setup time tos 20 _ _ ys | 
Data hold time ton 40 — _— ps 

Data delay time top 5 — — ys 

FRM delay time toFRM -2 — +2 us 

M delay time tom -2 — +2 us 

CL» low level width twicL2 35 — — ps 

CL» high level width tWHCL2 35 — _— ps 

61 low level width tWLo1 700 — — ns 

$2 low level width tWLo2 700 — — ns 

61 high level width tWHo1 2100 — — ns 

$2 high level width tWH¢2 2100 — — ns 

¢1— 92 phase difference to12 700 — — ns 

¢2- 1 phase difference tp21 700 — — ns 

$1, o2 rise time tr _ — 150 ns 

61, 62 fall time | — tf — _ 150 ns 
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HD61103A 


Block Functions 
Oscillator 
The CR oscillator generates display timing signals and operating clocks for the HD61102. It is required — 
when the HD61103A is used with the HD61102. An oscillation resistor Rf and an oscillation capacitor Cf 


are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminal R and C. 7 


| R CR C ls “| 
Rf Cf 


Open Lol Open 
Figure 1 Oscillator Connection with HD61102 





clock 





The oscillator is not required when the HD61103A is used with the HD61830. Connect terminal CR to oe 
high level and don't connect any lines to terminals R and C (figure 2). 


R- CR C 


Open Vec Open 





Figure 2 Oscillator Connection with HD61830 
Timing Generator Circuit 


_ The timing generator circuit generates display timing and operating clock for the HD61102. This circuit is 
required when the HD61103A is used with the HD61102. Connect terminal M/S to high level (master 

mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 5 

~ HD61830. In this case connect the terminals FS, DS1, and DS2 to high level and M/S to low level (slave 

mode). 





Bidirectional Shift Register 


A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to X1 and the highest order bit on the DR 
side corresponds to X64. 


. HITACHI 
_ Hitachi America, Ltd. Hitachi Pla Plaza e 2000 Sierra Point Pkwy. ° Brisbane, CA 94005- 1819 ° * (415) 589- ‘8300 305 











HD61103A 
Liquid Crystal Display Driver Circuit 


_ The combination of the data from the shift register with the M signal allows one of the four liquid ee 
display driver levels V1, V2, V5 and V6 to be transferred to the output terminals (table 1). 


Table 1 Output Levels 


Data from the 


Shift Register M Output Level 

1 1 V2 

0 1 V6 

1 0 v1 

0 0 V5 
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HD61103A Terminal Functions 


Terminal Number of 
Name Terminals 


Voc 


GND 


VEE 


VIL, V2L, 


1 


1 
2 
8 


VSL, V6L, 
V1R, V2R, 
V5R, V6R 


M/S 


Connected 


1/0 to 


Power 
_ Supply 


Power 
supply 


Voc or GND 


Voc or GND 


HD61103A 


Function 
Voc — GND: Power supply for internal logic. 
Voc — Vee: Power supply for driver circuit logic. 


Liquid crystal display driver level power supply. 


ViL (ViR), V2L(V2R): Selected level 
VSL (V5R), V6L (V6R): Non-selected level 


Voltages of the level power supplies connected to ViL 
and V1R should be the same. 


(This applies to the combination of V2L & V2R, VSL & 
V5R and V6L & V6R respectively) 


Selects master/slave. 

M/S = Voc: Master mode 
When the HD61103A is used with the HD61102, timing 
generation circuit operates to supply display timing 
signals and operation ciock to the HD61102. Each of 


VO common terminals DL, DR, CL2, and M is inthe | 
output state. 


M/S = GND: Slave mode 


The timing operation circuit stops operating. The 
HD61103A is used in this mode when combined with the 
HD61830. Even if combined with the HD61 102, this 
mode is used when display timing signals (M, data, CL2, 
etc.) are supplied by another HD61103A in the master 
mode. | 

Terminals M and CL2 are in the input state. . 


When SHL is Voc, DL is in the input state and DR is in 
the output state. | 


When SHL is GND, DL is in the output state and DR is in 
the input state. 





Selects shift clock phase. 

FCS = Voc: Shift register operates at the rising 
edge of CL2. Select this condition 
when HD61103A is used with HD61102 
or when MA of the HD61830 connects 
to CL2 in combination with the 
HD61830. 


FCS = GND: Shift register operates at the fall of 
_ CL2. Select this condition when CL1 of 
HD61830 connects to CL2 in 
combination with the HD61830. 
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-HD61103A Terminal Functions (cont) 


Terminal Number cf | Connected 





Name Terminals 1/0 to Function 
FS 1 | VecorGND — Selects frequency. | 
When the frame frequency is 70 Hz, the oscillation 
_ frequency should be: 
fosc = 430 kHz at FCS = Voc 
fosc = 215 kHz at FCS = GND 
This terminal is active only in the master mode. Connect 
it to Voc in the slave mode. 
DS1,DS2 2 | VecorGND Selects display duty factor. | 
Display Duty Factor 1/48 1/64 1/96 1/128 
DS1 GND GND Voc Vcc 
DS2 GND Veco GND Vec 
These terminals are valid only in the master mode. 
| Connect them to Vcc in the slave mode. 
STB 1 | VecorGND Input terminal for testing. 
ae Connect STB to Voc. 
| Connect TH and CL1 to GND. 
CR, R, C 3 | Oscillator. 
| In the master mode, use these terminals as shown 
below. 
Usage of these terminals in the master mode: 
Internal oscillation External clock 
External 
Ni Ct Open Clock Open 
R CR C R CR Cc 
In the slave mode, stop the oscillator as shown below: 
Open Vcc Open 
R cR Cc 
01, ¢2 2 O HD61102 Operating clock output terminals for the HD61102. 
| Master mode: Connect these terminals to terminals 
1 and 92 of the HD61102 
respectively. — 
Slave mode: Don't connect any lines to these - 
| terminals. 
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HD61103A Terminal Functions (cont) 


Terminal Number of Connected 
Name Terminals 1/0 to Function 
FRM 1 O HD61102 Frame signal. 
| Master mode: Connect this terminal to terminal FRM 
of the HD61102. 
Slave mode: Don't connect any lines to this 
terminal. 
M 1 0  MBof Signal to convert LCD driver signal into AC. 
HD61830 or Master mode: Out 
: put terminal 
‘Mof HD61102 Connect this terminal to terminal M of 
the HD61 102. 
Slave mode: input terminal. 
Connect this terminal to terminal MB 
of the HD61830. 
cla. VO CL1orMA Shift clock. 
of HD61830 Master mode: Output terminal 
| ee of Connect this terminal to terminal CL of 
1102 the HD61 102. 
Slave mode: Input terminal 
Connect this terminal to terminal CL1 
: , or MA of the HD61830. 
DL, DR 2 1/0  OpenorFLM Data I/O terminals of bidirectional shift register. 


of HD61830 py corresponds to X1's side and DR to X64's side. 


Master mode: Output common scanning signal. 
Don't connect any lines to these 
terminals normally. 


Slave mode: Connect terminal FLM of the HD61830 
to Di (when SHL = Voc) or DR (when 


SHL = GND) 
M/S Voc GND 
SHL Vcc GND Vec GND 
DL Output Output Input Output 


DR _ Output Output Output Input 
NC 5 | Open Not used. | 
Don't connect any lines to this terminal. 
SHL 1 | | VecorGND — Selects shift direction of bidirectional shift register. 
SHL = Shift Direction © Common Scanning Direction 


Vcc DL-ODR X1 > X64 
GND DL©<DR X1 — X64 
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HD61105A Terminal Functions (cont) 


Termine! Number of Connected | 
Name Terminals 1/90 to Function 
X1-X64 64 O Liquid crystal Liquid crystal display driver output. 
display Output one of the four liquid crystal display driver levels 
V1, V2, V5, and V6 with the combination of the dat from 


the shift register and M signal. 
M | 1 | 0 | 
Data 1 0 1 0 


cee v2 | ve | v1 {| v5 
level 


Data 1: Selected level 
0: Non-selected level | 
When SHL is Voc, X1 corresponds to COM1 and X64 
corresponds to COM64. 


When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. | 
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M/S 
TH 
CL1 


FCS 


FS 
DS1 
DS2 
STB 


LL 
LH 


H HHH 


Rf 
Rf Cf 


Cf 


Rf 
Rf Cf 
Cf 


H: V, . 
CC 5 Fixed 
L: GND 
ol o2 FRM 
to $1 to 62 to FRM 


“—" means “open”. 


from MB 
of 
HD61830 


from MB 
of 
HD61830 


from MB 
HD61830 


to M 


of of of of 
HD61102 HD61102 HD61102 HD61102 


to 4 to $2 





to FRM 
oO oO of 
HD61102 HD61102 HD61102 HD6 


toM 
of 


from M 


Oo Oo 
HD61 103A HD61103A 


No. 1 


Rf: Oscillation resister 


Cf: Oscillation capacitor 


Cl2 SHL 


from CL1 
of 
HD61830 


from MA 
of 
HD61830 


from MA 
of 
HD61830 


2 to CL 


of 
HD61102 


to CL of. 
HD61102 


1102 to CL2 of 
HD61 103A HD61103A 


from ‘eg 


No. 1 


r” 


<= 


DL DR X1—X64 
from FLM 
of — COM1—COM64 
HD61830 
- from FLM 
of COM64—COM1 
HD61830 


fromFLM toDL/DR 
of of HD61103A COM1—COM64 
HD61830 No. 2 


toDU/DRof from FLM 


HD61103A of COM64—-COM1 
No.2  HD61830 
from DL/DR of 
HD61103A — COM65-COM128 
No. 1 
— — rom OUD COM128-COMES 
No. 1 
— — COM1—COM64 
— — COM64—COM1 
to DL/DR 
— of HD61103A COM1—COM64 
No. 2 
to DL/DR 
of HD61103A — COM64—COM1 
No. 2 
from DL/DR 
of HD61103A —_ COM1—COM64 
No. 1 
from DL/DR 


— of Bint 03A COM64—-COM1 
O. 
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HD61103A 


Outline of HD61103A System Configuration 


ee Og 


i. Use with HD61330 
a. When display duty ratio of LCD is more than 1/64 


HD61830 


_ One HD61103A drives 
common signals. 


common signals for 
upper and lower 
panels. 


Two HD61103As drive 
upper and lower 

panel separately 

to ensure the 

quality of display. 

No. 1 and No. 2 
operate in parallel. 





b. When display duty ratio of LCD is from 1/65 to 1/128 
HD61830 | 





Two HD61103As 
connected serially 
drive common signals. 


Two HD61103As 
connected serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 
HD61103As connected 
serially drive upper 
and lower panels in 
parallel to ensure 

the quality of display. 


HITACHI 


One HD61103A drives - 


Refer to 
Connection list A 


Refer to 
Connection list A 


For both of No. 1 
and No. 2, refer to 
Connection list A 


Refer to 

Connection list B 
for No. 1. a 
Refer to Connection 
list C for No. 2. 


Refer to 

Connection list B . 
for No. 1. 

Refer to Connection 
list C for No. 2. 


Refer to 
Connection list B 
for No. 1 and 3. 
Refer to 
Connection list C 
for No. 2 and 4. 
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HD61103A 


2. Use with HD61102 (1/64 duty ratio) 


One HD61103A drives 








sh rao and Refer to 
eaten Connection list D 
signals to the 
HD61102s. 
One HD61103A drives — 
upper and lower Refer to 
panels and supplies Connection list D 
timing signals to 
the HD61102s. 
Two HD61103As drive Refer to 
upper and lower Connection list E 
panels in parallel for No. 1 
to ensure the Reesric 
uality of display. 
a Hearts : ~ Connection list F 
timing signals to for No. 2 
No. 2 and the 
HD61102s. 
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Connection Example 1 


Js¢ with 11D6i 102 (RAM type segment driver). 
1/64 duty ratio (See Connection List D) 


ae 


LCD panel 


3 
i 
" 
— 
<= 
7) 
© 
2 
o 
ro) 
Lael 
co 
Q 
of 


R3 =15Q 





Figure 1 Example 1 


Note: 1. The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/9, the values of R1 and R2 should satisfy 


Ri ot. 
4R1+R2° 9 
For example, 


Ri =3kO, R2=15kQ— 
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Figure 2 Example 1 Waveform (RAM type, 1/64 duty cycle) 
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Connection Example 2 


Use with HD61830 (Display controller). 
a. 1/64 duty ratio (See Connection list A) 


LCD panel 


MB 
CL1 HD61830 


FLM 





(Display Controller) 


See Connection Example 1 
HD61203A ( )is at SHL = Low 





Figure 3 Example 2 (1/64 duty ratio) 
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Figure 4 Example 2 Waveform (1/64 duty ratio) 
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b. 1/100 duty ratio (See Connection list B, C) 





See Connection Example 1 
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Figure 5 Example 2 (1/100 duty ratio) 
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( ): SHL = Low level 





2 ON VWEOLLSGH 
Figure 6 Example 2 (1/100 duty ratio) 
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HD61104,HD61104A-—— 
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


Description | Ordering Information 
HD61104, HD61104A is a column (segment) LCD Driving 
driver for large-area dot matrix liquid crystal graphic Type No. Level (V) Package 
display systems. HD61104 +10 to +26 100 pin plastic 
QFP (FP-100) 

Features | : HD61104A —s-«+ 10 to +28V | 
¢ Display duty cycle: 1/64—1/200 HD61104TF +10 to +28V 100 pin plastic T- 
e Internal liquid crystal display driver: 80 drivers QFP (TFP-100) 
¢  4-bit bus, bidirectional shift data transfer : 3 
e Cascade connection with enable format 
e Data transfer rate: 3.5 MHz 
¢ Power supply for logic circuit: 5 V +10% 
e Power supply for LCD drive circuits : 

10 to 26 V (HD61104) 

10 to 28 V (HD61104A) 


«© Standby function — 
¢ CMOS process 
¢  100-pin flat plastic package 


Absolute Maximum Ratings 


Item. | Symbol Value Unit Note 
_ Supply voltage (1) | Voc -—0.3 to +7.0 V 2 

Supply voltage (2) HD61104 = Vee Voc-28.0toVec+0.3  V 

, HD61104A Vee Veco — 28.5 to Vec + 0.3 
Terminal voltage (1) Vr ~0.3 to Voc + 0.3 7 ve 2,3 
Terminal voltage (2) Vr2 Veg — 0.3 to Voc + 0.3 V 4 
Operating temperature . _ Topr -20 to +75 °C 
Storage temperature | —Tstg 65 to +125 veto — °C 


Notes: 1. LSis may be permanently destroyed if used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 
All voltage values are referenced to GND = 0 V. 
Applies to input terminals, SHL, CL1, CL2, Do—D3, E, and M. 
Applies to Vy, Vo, V3, and V4. Must maintain 

Voc 2 V1 2 V3 2 V4 2 Vo 2 Vee 
Connect a protection resister of 15 Q +. 10% to each terminal in series. 
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Pin Arrangement 


100 Y31 
199] Y32 
98] Y33 
197] ¥34 
96] Y35 
95] ¥36 
194] ¥37 
93] Y38 
92] Y39 
91 | Y40 
90] Y41 
189] Y42 
88] Y43 


Y10 [21 


on 
JS} SPONSORS ESS 


CL1 
SHL [38) 
L2 


N 


(Top View) 
(FP—100/TFP—100) 
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84] ¥47 
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82] Y49 
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80] Y51 

79| Y52 

78) Y53 

77 Y54 
Y55 
Y56 
Y57 
Y58 
Y59 
Y60 
Y61. 
69} Y62 
68] Y63 
Y64 
66] Y65 
65] Y66 
64] Y67 
63] Y68 
62] Y69 
61} Y70 
160} Y71 

59] Y72 
58] Y73 
Y74 
56] Y75 
55] Y76 
54] Y77 
53] Y78 
52] Y79 
'51| Y80 
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HD61104, HD61104A 


Electrical Characteristics 


DC Characteristics 3 
(Vcc = 5 V t 10%, GND = 0 V, Vcc - VEE = 10 to 26 V (HD61104), Vcc — Ver = 10 
to 28 V (HD61104A), Ta = -20 to +75°C) 





item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vin 0.7 x Vog | Voc V 1 
Input low voltage Vi 0 03xVoo V 1 
Output high voltage Vou Voc — 0.4 V loy = — 400 pA 2 
Output low voltage Vor 0.4 V lo, = 400 pA 2 
Driver on resistance Ron | | 7.5 kQ ss Veg=-10V Load 5 
current =100 pA 
Input leakage current lies —1 1 pA Vin = 0 to Voc 1 
Input leakage current yo —25 25 A Vin=VeetoVoo 83 
Dissipation current (1) leno | 2.0 mA 4 
Dissipation current (2) _——lee 0.2 mA HD61104 4 
| 0.4 HD61104A 

Dissipation current (3) Ist 400 pA | : 
Notes: Applies to CL1, CL2, SHL, E, M, and Do-D3. 


: Ie 
2. Applies to CAR. 
3. Applies to V1, Vo, V3, and V4. 
4. Specified when display data is transferred under following conditions: 
CL2 frequency  fcp2 = 2.5 MHz (data transfer rate) 
CL1 frequency fcp1 = 14.0 kHz (data latch frequency) 
M frequency fy = 35 Hz (frame frequency/2) 
Display duty ratio 1/200 
Specified when Vi = Voc, Vy. = GND and no load on outputs. 
Ienp: currents between Voc and GND 
lee: currents between Voc and Veg _ 
5. Currents between Vcc and GND at standby (E input = high). 
6. Resistance between terminal Y (one of Y1 to Y80) and terminal V (one of V;, Vo, V3, and V4) - 
when load current flows through one of the terminals Y1 to Y80. This value is specified under 
the following conditions: 
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Vo, V4= VeE+ 2/10 (Voco~ Vee ) 


RON 











Vita Vi ate 


VoL. VsR -———_—____—__o 
Terminal Y 


V4a_» VaR ————_—_——o (Y1-¥80) 


VoL. Vor 


The following is a description of the range of power supply voltage for liquid crystal display drives. Apply 
positive voltage to V; and V3, and negative voltage to V2 and V4, within the AV range. This range allows 
stable impedance on driver output (Ron). Notice that AV depends on power supply voltage Vcc —Vgx. 





= 
> 
<] 
10 | 26 
| Voc~ Vee (V) 
_ Correlation between Driver Correlation between Power 
Output Waveform and Power _ Supply Voltage Vog— Veg and W 
_ Supply Voltages for Liquid © 
Crystal Display Drive | 
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HD61104, HD61104A 


Terminal Configuration 


input Terminal 
Applicable Terminals: CL1,SHL,E,M 
Voc 
PMOS 
NMOS 


Input Terminal (controlled by Enable signal) 
Applicable Terminals: CL2, Do-Dy 
V. 


Enable 





Output Terminal 
_ Applicable Terminal: CAR 


Voc 


PMOS 


NMOS 


Output Terminal 
Applicable Terminals: Y1-—Y80 
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HD61104, HD61104A 
AC ‘Characteristics 


(Vcc = 5 V + 10%, GND = 0 V, Ta = -20 to +75°C) 


item Symbol Min Typ Max: Unit Note 


Clock cycle time Z tcyc 285 — — ons 
Clock high level width tewH —Ss—:‘110 ae — —sns 
Clock low level width tow 10 0 — — ons 
Clock setup time tse 80 _ pe ns 
Clock hold time tueL 80 — _ ns 
Clock rise/fall time tor = a 30 ns 
Data setup time —  tpsu 80 ae — ns 
Data hold time tou 80 — — — ns 
E setup time tesu 75 — — ns 
Output delay time tocar — — 180 ns 1 
_ M phase difference time tom — — 300 ns 
cL cycle time | tout toyc x 10 — _ ns 





Note: 1. The following load circuit is connected for specification: 
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HD61104, HD61104A 


Test point 7 
tcLi a 
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Terminal Number of Connected | 
Name Terminals 1/0 to | Functions | ee, 
Vec 1 Power ~Vec — GND: Power supply for internal logic 
va supply Voc —Vee: Power supply for LCD drive circuit 
EE : . 
V1 4 Power Power supply for liquid crystal drive. 
V2 supply V;, Vo: selection level 
Vs V3, V4: non-selection level 
V4 | 
Y1-Y80 80 | O LCD Liquid crystal driver outputs. 
Selects one of the 4 levels, V;, Vo, V3, and V4. Relation 
among output level, M, and display data (D) is as follows: 
M | 1 | 0 | 
D 17071170 
Output 
level V4 V2 V3 V4 
'M 1 | Controller Switch signal to convert liquid crystal drive waveform into 
AC. | 
CL1 1 | Controller Latch clock of display data (falling edge triggered). 
Synchronized with the fall of CL1, liquid crystal driver 
signals corresponding to the display data are output. 
CL2 1 I Controller Shift clock of display data (D). 
Falling edge triggered. 
Do-Ds 4 | Controller ——_ Input of 4-bit display data (D) | 
Liquid Crystal Liquid Crystal 
D Driver Output Display 
1 Selection On 
(High level) level 
0 | Non-selection Off 


(Low level) level 


Truth table (Positive logic) 
SHL Input data and latch circuit 1 


o D3 159-7377 
D. 2-6 10-74 78 
223977 11-7 75779 

Dp 249 8 12 — > 76 > 80 
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HD61104, HD61104A 


Terminal Number of Connected 
Name Terminals 1/0 to Functions 
Truth table (Positive logic) (cont) 
SHL Input data and latch circuit 1 


1 D3 > 80 > 76 > 72-84 
Do 7797757 71-773 
D, 778? 7470-762 
Dy 7-77 773 2 69-- 751 


ex: When SHL = 0, the data that is input to D3 is. 
latched to each bit of the latch circuit 1 in order of 1 7 5 > 


9 --- > 77. 
SHL 1 I Voc orGND Selects a shift direction of display data. 
E 1 | GND orthe _ Enable input. 
a ali CAR the operation stops at high level, and is enabled at low 
HD61104 level. 
CAR 1 O Input Enable output. 
ee + Used for cascade connection. 
NC 3 Unused. No wire should be connected. 
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HD61104, HD61104A __ 
Typical Application 


rrr. 


Figure 1 is an LCD panei with 200 x 640 dots on which characters are © displayed with 1/200 duty cycle 
dynamic drive. | 


Figure 1 200 x 640 Dot LCD Panel Example 


Cascade eight HD61104s. Input data to the Dg —D3 terminals of Nos. 1-8. Connect E of No. 1 to ) GND. 
Connect no lines to CAR AR of No. 8 . Connect common signal terminals (COM1-COM200) to the 


common driver HD61105. ma)? of LCD panel is the address corresponding to each dot. Figure 2 shows | 
timing. | 
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Figure 2 Waveform Example 
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HD61105,HD61105A—_— 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver} 


Hekcription me Pin Arrangement 


The HD61105, HD61105A is a common signal | 
driver for dot matrix liquid crystal graphic _ 
display systems. It provides 80 driver output 
lines and the impedance is low enough to 
drive a large screen. 


As the HD61105, HD61105A is produced in a 
CMOS process, it is fit for use in portable 
battery drive equipments utilizing the liquid 
crystal display’s low power consumption. 





Features 


@ Dot matrix liquid crystal graphic display 
common driver with low impedance 
Internal liquid crystal display driver cir- 
cuit: 80 circuits 

Display duty ratio factor: 1/64—1/ 200 ; RIRISTS] : 
Internal 80-bit shift register i z sss 
Power supply for logic circuit: 5 + 10% . 

Power supply for LCD drive circuits: | ? FP-100/TFP-100 

—10 to 26 V (HD61105) (Top View) 

——10 to 28 V (HD61105A) 
CMOS process 

100-pin blasts QFP (FP- 100) 





Ordering Information 
LCD Driving 


Type No. Level (V) Package 

~ HD61105 10 to 26 100 pin 
_—_—_— plastic 
HD61105A 10to 28 OFP (FP-100) | 
HD61105TF 10 to 28 100 pin 

—_ -. ¢ | plastic 


T-QFP (TFP-100) 
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Block Diagram 


X1 X2 X3 X78 X79 Xgo Vi Vo Ve Ve 
80 output terminals 


Liquid crystal 78 vaso 
display driver circuit 


Bidirectional 
rls (ele wen __ lle ae 





Absolute maximum ratings 


item | | Symbol Value | 7s | Unit Note 


Supply voltage (1) 7 . Vee — 0.3 to + 7.0. a ee 

| HD61105 Vee Vcc — 28.0 to Vcc + 0.3 V 5 
Supply voltage (2) ——<— SS See 

HD61105A Vcc — 28.5 to Vcc + 0.3 

Terminal voltage (1) Vr —~ 0.3 to Vcc +0.3 V 2,3 
Terminal voltage (2) | Vr2 Vez — 0.3 to Vec +0.3 V 4,5 
Operating temperature Topr —- 20to + 75 Cc 
Storage temperature Tstg — 55 to + 125 °C 


Notes: 1. LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 

. All voltage values are referred to GND = OV. 

. Applies to input terminals except V;:, V2, Vs, and Ve. 

. Applies to Vi, V2, Vs, and Ve. 

. Veo 2M 2 Ve 2 Vs 2 V2 = Vee must be maintained. 


OhWwh 
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D61105, HD61105A 


Electrical Characteristics 
DC Characteristics 


(Vcc = 5 V £ 10%, GND = OV, Vec — Vez = 10 to 26 V (HD61105), Vec — Vez = 10 to 28 V 
(HD61105A), T. = — 20 to + 75°C) 


Specifications | 
Test item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage — Vin 0.7X Veco — Vec NM | 1 
Input low voltage Vit GND = 0.3 x Vcc V 1 
Output high voltage Vou Ver - 0.4 — = V low = — 0.4mA 2 
Output low voltage VoL = = 0.4 V lo. = 0.4mA 2 
Vi—Xj on resistance Ron. as = 2.0 kQ Vec — Vee = 10 V 5 
| Load current 
+ 150 uwA 
input leakage current hes : - 1.0 — 1.0 A Vin = O to Vec 3 
Input leakage current | hi —- 25 a 25 uA Vin = Vee to Vcc 4 
Clock frequency fet — — 100 kHz Transfer clock CL 
Dissipation current (1) — Igg1 a = 200 BA at 1/200 duty 6 
cycle operation 


Dissipation current (2) leg —_ — 100 zA _ at 1/200 duty 7 
| cycle operation 








Notes: 1. Applies to input terminals FCS, SHL, DI, M, and CL. 

2. Applies to output terminal of DO. 

3. Applies to the terminals NC, and the input terminals FCS, SHL, DI, M, and CL. 

4. Applies to Vi, V2, Vs, and Ve. No wire should be connected to X:1—Xgo. 

5. Resistance value between terminal X (one of X; to Xgo) and terminal V (one of Vi , V2, Vs, 
and Ve) when load current is applied to one of terminals X; to Xso. This value is specified 
under the following COnCINORS: 

Veo—Vee=26V | 
Vi, Ve=Vec— 1/10 (Voc — Vee) 
Vo, Vg=Vee+ 1/10 (Veo — Vee) 
RON 
\, —_——__—0 
Ve ———_—__—_0 
Terminal X 
V6 —-————-—--—-o (X1— Xgo) 
V2 
The following is a description of the range of the AV range. This range allows stable 
power supply voltage for liquid crystal dis- | impedance on driver output (Ron). Notice 
play drives. Apply positive voltage to V: and that AV depends on power aca voltage 
Ve, and negative voltage to V2 and Vs, within Voc—Vez. 
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HD61105, HD61105A 





> 
> 
4 
pia ie re ie ae NG 
Pee ane ee ee err aeee R! V2 
Vee 10 26 
Voc ~ Vee (V) 
Correlation between Driver Output Correlation between Power Supply Voltage 


Waveform and Power Supply Voltages for Vec—Ver and AV 
Liquid Crystal Display Drive 


6. The currents flowing through the GND terminal. Specified when display data is transferred 


under following conditions: 
CL frequency fe. = 14kHz (data transfer rate) 
M_frequency  fM-= = 35 Hz (frame frequency/2) 1/200 
Display duty ratio — 
Vin = Vec, Vi = GND 
No load on outputs 
7. The currents flowing through the Vee terminal in the conditions of note 6. No line should be 


connected to the V terminal. 
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HD61106, HD61105A 


AC Characteristics (Vcc = 5 V + 10%, GND = 0 V, Ta = — 20 to + 75°C) 








CL twu 
(FCS = GND) twH1 
(shift clock) 
CL twi2 | 
(FCS = Vec) . 
(shift clock) 
. toH 

DI FE 0.7Vec 
input data 4 D 

0.3Vec . 


top 


bo k 0.7Vec 
output data b C 
0.3Vec 


Item | | Symbol Min Typ Max Unit Note 
Clock low level width (FCS = GND) feu 6.0 us 

Clock high level width (FCS = GND) twHi 125 | ns 

Clock low level width (FCS = Vcc) ss tw 125 | ns 

Clock high level width (FCS = Vec) twa 5.0 us 

Data setup time | tos 100 ns 

Data hold time a ton 100 ns 

Output delay time top | — 3.0 “Ss 1 
Output hold time toxw 100 7 ns 

Clock rise time | t _ | | 30 ns 

Clock fall time | | te 30 ns 


Note: 1. The following load circuits are connected for specification: 


Output terminal oral 
30 pF (including jig capacitance) 


th 
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HD61105, HD61105A 


Terminal Configuration 


Input Terminal 


Applicable Terminals: DI, CL, SHL, FCS, M 





Output Terminal 


Applicable Terminal: DO 





Output Terminal 


Applicable Terminals: Xi—Xgo 
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-HD61105, HD61105A 


Block Diagram 





X, Xe "a X7a X79 Xego MV V2 Vs Ve 


80 output terminals 


Vec Liquid crystal 

GND 2 display driver 78 | 79 
circuit 

" ae 







Bidirectiona 
. 2 shift register 784179 
DI Logic (ne as 2 pee. SR Trleh Logic DO 
al rea eed re! sae 
a 2h ees Fo 


CL 
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HD61105, HD61105A 


Block Functions 
Bidirectional Shift Register Liquid Crystal Display Driver Circuit 


This is a 80-bit bidirectional register. The data The combination of the data from the shift 
from the DI terminal is shifted by the shift register with M signal allows one of the four 
clock CL. The output terminal DO outputs the liquid crystal display driver levels V1, V2, V5, 
last shifted data. In case of serial cascade and V6 to be transferred to the output ter- 
connection, terminal DO functions as the data minals (table 3). 

input to the next LSI. Terminal SHL selects 

the data shift direction (table 1), and the 

terminal FCS selects the shift clock phase 

(table 2). 





Table 1 SHL Truth Table 


(Positive Logic) 





SHL Data Shift Direction 
1 DI — SR1 > SR2 — SRB verveerereeseteeeeseeeeees SR79 -— SR8BO > DO 
O DI — SR8O — SR79 — SR78 vvvvvesssrreesseseeeeees SR2 — SR1 — DO 





Table 2 FCS Truth Table 


FCS Shift Clock Phase | 
0 | Shifted at the falling edge of CL 


on Shifted at the rising edge of CL © 


Table 3 M Truth Table 


(Positive Logic) 





Data from the Shift Register M Output level 
0 0 V5 
1 0 Vi 
¢) a : 1 Ve 


a 
on 
Ss 
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HD61105, HD61105A 





- HD61105 Terminal Functions 





Terminal Numser of Connecied 
Name Terminals 1/0 to a Functions 
Vec 1 Power ~- Vec — GND: Power supply for internal logic 
GND 1 supply Vcc — Vee: Power supply for LCD drive circuit 
Vee 1 
Vi 4 Liquid Power supply for liquid crystal drive 
V2 crystal V;, V2: selection level 
Vs drive Vs, Ve: non-selection level 
Ve level power 7 : 
supply 
FCS 1 l Vcc or GND Selects shift clock phase. 
FCS = Vcc Shift register operates at the rise of CL 
FCS = GND Shift register operates at the fall of CL 
M 1 l Controller Signal to convert LCD driver signal into AC 
CL 1 | Controller Shift clock | 
FCS = Vcc Shift register operates at the rise of CL 
FCS = GND Shift register operates at the fall of CL 
DI 1 l Controller or Shift register data input 
terminal DO of In case of cascade connection, the terminal DI is connected 
HD61105 _ to the terminal DO of the preceding LSI. 
DO 1 O Open or Shift register data output 
terminal DI of In case of cascade connection, the terminal DO is con- 
HD61105 nected to the terminal DI of the next LSI. 
SHL 1 i Vec or GND Selects shift direction of bidirectional shift register. 
SHL = Shift Direction Common Scanning 
Direction 
~Vec DI-~SR1—>SR2—SR80 X;—Xgo 
GND DI—~SR80—SR79—SR1 Xg0—> X} 
Xi—Xgq 80 O Liquid | Liquid crystal display driver output 
crystal Outputs one of the four liquid crystal display driver levels 
display V;, V2, Vs, and Ve with the combination of the data from 
the shift register and M signal. 
M | 1 | 0 | 
Data 1];,0]1170 
Output Vo | ve | v, | Vs 
level é 
Data 1: Selection level 
Data O: Non-selection level 
When SHL is Vec, X1 corresponds to COM1 and Xgo corre- : 
sponds to COM80O. 
When SHL is GND, Xgo corresponds to COM1 and X1 
corresponds to COM8O. 
NC 7 Open Unused. 
No line should be connected. 
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HD61105, HD61105A 


Outline of HD61105 System Configura- 
tion 


When display duty ratio of LCD is 1/80 


Controller 


Controller 


80 
HD61105 (1) 
HD61105 (2) 


When display duty ratio of LCD is 1/100 





Controller 


Controller 


HD61105 (2) 


= ea 
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HD61105, HD61105A 


When display duty ratio of LCD is 1/160 


HD61105 
(1) 


HD61105 
(2) 





Controller 
LCD 
80 










COM160 


When display duty ratio of LCD is 1/160 


Controller 


a. * 


HD61105 
HD61105 


(4) 
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HD61105, HD61105A 


When display duty ratio of LCD is 1/200 


Controller 


| 80 
HD61105 (1) 
| 
HD61105 (3) 


Controller 


80 
HD61105 (1) 
HD61105 (2) 


HD61105 (3) ‘e 
eo | 
HD61105 (5) 
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HD61105, HD61105A 


Example of Connection 


1/200 duty ratio 


HD61105 (No. 1) 


i daleea eee e 


x 
© 
°o 


we Contrast 
-20V0E 


N 

° 
= 
LO 
© 
= 
en 
ie) 
Q 
<= 


” 
<= 
oe 


HD61105 (No. 3) 


Controller 





Note: 1. The values of R1 and R2 vary with the LCD panel used. R11 
When bias factor is 1/15, the values of R1 and R2 should satisfy 4R1+RD “15 


For example, R1 = 3 KQ, R2 = 33 KO 


Figure 1 Example of Connection (SHL = Vcc, FCS = GND) 
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Figure 2 Waveform Example 
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+5V Vec Xi 

My 
R3 V; Ve a ! 
R1 reg lll ‘i - 
are Ty. «=O EC 
a Hn 1g ! 
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“ie 
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IIe S 
Wily 
2 Contrast Hi < 
Te) 
~12V Hi 2 
© 
Eas CL Q 


ov GND 


R3 = 15 


HD61105 (No. 3) 


Controller 





Note: 1. The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/11, the values of R1 and R2 should satisfy 
Rie ds | | 
4R1+R2 11 
For example, R1 = 3 KQ, R2 = 21 KO 


Figure 3 Example of Connection 1 (SHL = Vcc, FCS = GND) 
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HD61105, HD61105A 
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Figure 4 Waveform Example 
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HD61105, HD61105A 





| ~ Vec. 
+5V —— Veo. Xe0 


R3 V; | a Ve 





HD61105 (No. 1). 


oe Contrast 
-12Ve 


GND 





HD61105 (No. 2) 


Ove 


R3 = 150 


HD61105 (No. 3) 


Controller 





Note: 1. The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/11, the values of R1 and R2 should satisfy 
R1 1 : 


4R1+R2° 17 
For example, R1 = 3 KQ, R2 = 21 KO 


Figure 5 Example of Connection 2 (SHL = GND, FCS = Vcc) 
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Figure 6 Waveform Example 
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HD61200 





(LCD Driver with 80-Channel Output) 


Description Features 


The HD61200 is a column driver LSI for alarge- 
area dot matrix LCD. It employs 1/32 or more duty 
cycle multiplexing method. It receives serial © 
display data from a micro controller or a display  °* 
control LSI, HD61830, etc., and generates as 
crystal driving signals. ° 


Absolute Maximum Ratings 


Item Symbol Value 


Liquid crystal display driver with serial/parallel 
conversion function 

Internal liquid crystal display driver: 80 drivers 
Drives liquid crystal panels with 1/32-1/128 
duty cycle multiplexing | 

Can interface to LCD controllers, HD61830 
and HD61830B 

Data transfer rate: 2.5 MHz max 

Power supply: Vcc: 5 V + 10% (internal 
logic) 

Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 

CMOS process 

100-pin flat plastic package (FP-100) 


Unit Note 
Supply voltage (1) Voc —0.3 to +7.0 V 2 
Supply voltage (2) Veg Voc — 19.0 to Voc + 0.3 V 
Terminal voltage (1) V4 -—0.3 to Voc + 0.3 V | 2,3 
Terminal voltage (2) Ve Veg — 0.3 to Voc + 0.3 Vv 4 
Operating temperature © — Toor -20 to +75 °C 
Storage temperature ~  Tstg — -55 to +125 : — 8 


Notes: 1. LSIs may be permanently destroyed if being used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 


naa 


All voltage values are referenced to GND = 0 V. 
Applies to input terminals, FCS, SHL, CL1, CL2, 
Applies to Vi_, Vip, Vat, Var, Vat, Var, Vat, and Varn. Must maintain 


DL, DR, E, and M. 


Vec 2 Vit = Vin 2 Var = Var 2 Vat = Varn 2 Var = Vor 2 Vee. 


- Connect a protection resistor of 15 Q + 10% to 
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Pin Arrangement 





PRIS F3GFS IIS IES 
uw —~ 9 | Concadceae 
BOSSIZSICE Aa Sw slSSsoss 
(Top view) 
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HD61200 


Electrical Characteristics 


DC Characteristics 


(Vcc = 5 V +t 10%, GND = 0 V, Vcc — VEE = 8 V to 17 V, Ta =.-20 to 75°C) 
Item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vo = = .7xVog Voc V 1 
Input low voltage Vit 0 — 03x Vv 4 
Voc 
Output high voltage Vou Veco 0.4 — — V loy = 400 pA 2 
Output low voltage Vo — — _ 0.4 V Igy, = 400 LA 2 
Driver on resistance Pon — — 7.5 kQ Load current = 5 
| 100 pA ~ | 
_ Input leakage current — Iii —1 — 1 pA Vin= Oto Voc 1 
Input leakage current In2  -2 —_ 2 wA Vin=VeEtoVec 3 
_ Dissipation current (1) leno — — 1.0 mA 4 
Dissipation current (2) lee — — 0.1 mA 4 
Notes: 1. Applies to CLI, CL2, SHL, E, M, DL, and DR. 
2. Applies to CA Ri. 
3. Applies to Vy, Vip, Vat, Vor, Va_, Varn, Vat, and Var. 
4. Specified when display data is transferred under following conditions: 
CL2 frequency fop2 = 2.5 MHz (data transfer rate) 
CL1 frequency fop; = 4.48 kHz (data latch frequency) 
M frequency fry = 35 Hz (frame frequency/2) 
Specified at Vi = Voc (V), Vi_ = 0 V and load on outputs. 
Ianp: currents between Voc and GND. 
lee: currents between Vcc and Veg. 
5. Resistance between terminal Y and terminal V (one of V1., Vip, Vat, Var, V3, Var, V4L, and — 


Var when load current flows through one of the terminals Y1 to Y80. This value is specified 


under the following condition: 


Voc - Vee =17V 
Vit =Virn, Vat = V3R = Voc — 2/7 (Voc— Vee ) 
~ Vor = Vor Vat = Van = Vee +2/7 (Voc— Vee ) 


Vit» Vir 
V3_, V3R 
Terminal Y 
Vat» Var (Y1-Y80) 





Va_, Ver 
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The following here is a description of the range of power supply voltage for liquid crystal display drivers. 
Apply positive voltage to V;;, = Vip and V3, = V3p and negative voltage to V2. = Var and V4, = Var 


within the AV range. This range allows stable impedance on driver output (RON). Notice the AV depends 
on power supply voltage Vcc—Vgr. | 


Voc 
Sear V1 (Mit = VaR) 








Range of Power Supply 
---- V3 (Vg, = VaR) Voltage for Liquid Crystal 
Display Drive 
—~5.5 
= 
> 
<] 
Sera V4 (V4_ = V4r) 
<-->----=----- V2 (Vat = VaR) 
EE 8 17 
Yoc— VEE (V) 
Correlation between Driver Output Correlation between Power 
Waveform and Power Supply Voltages Supply Voltage Voo- Vee andAV 
for Liquid Crystal Display Drive 
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Terminal Configuration | 


input Terminal 


Vcc | Applicable terminals : 
CL1, CL2, SHL, E, M 
PMOS 
NMOS 


Input Terminal (with Enable) 
Applicable terminals: DL, DR 


Vec Vec 





Output Terminal 
Vec 


Applicable terminal: CAR 
PMOS 


NMOS 


. — | | Applicable terminals: 
Output Terminal ¥1-Y80 


Viv Vir 
VoL, Var 


Var Var 





VoL Var 
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HD61200 


AC Characteristics 7 
(Vcc = 5 V + 10%, GND = 0 V, Ta = -20 to +75°C) 


Item Symbol Min Typ Max Unit Test Condition Note 
Clock cycle time tcc 400 — — ns 

Clock high level width towH 150 — — ns 

Clock low level width tow 150 — — ns 

Clock setup time tsci 100 — — ns 

Clock hold time ther 100 — —— ns 

Clock rise/fall time ter — — 30 ns 

Clock phase different time teL 100 — — ns 

Data setup time tosu 80 — _ ns 

Data hold time ton 100 — — ns 

E setup time tesu 200. — — ns | 

Output delay time tocar — — 300 ns 1 
M phase difference time tom — — 300 ns | 





Note: 1. The following load circuit is connected for specification: 


test point ——— a 
wy 


DL(DR) 





ci Vin 
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- IHOVLIH 


cLi— 


DL 
DR 
SHL 
cL2 


FCS 


cL Liquid crystal display 
SE Ep fe 


Vit Ver Vat Vat Yi Y2 Y80 ViRVorRVaRV4R 


Lt 


















Latch circuit 1 Rt 
1121314 5161718 Abtx20 77178179180 


CAR 


WeIsvig 41g 





00cl9CH 


Block Function 
Liquid Crystal Display Driver Circuit 


The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, V1, V2, V3, and V4 to be output. 


80-bit Latch Circuit 2 


The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 


S/P 


Serial/parallel conversion circuit which converts 1- 


bit data into 4-bit data. When SHL is low level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR.. 


When SHL is high level, input data from terminal 
DR without connecting any lines to terminal DL. 


80-bit Latch Circuit 1 


HD61200 


Selector 


The selector decodes output signals from the 


counter and generates latch clock 91 to 9620. When 
the LSI is not active, 61-20 are not generated, so 


the data at latch circuit 1 is stored even if input data - 


(DL, DR) changes. 


Control Circuit 


Controls operation: When E-F/F (enable F/F) 


indicates 1, S/P conversion is started by inputting 
low level to E. After 80-bit data has been all 
converted, CAR output turns into low level and E- 
F/F is reset to 0, and consequently the conversion 
stops. E-F/F is RS flip-flop circuit which gives 
priority to SET over RESET and is set at high 
level of CL1. 


The counter consists of 7 bits, and the output 
signals upper 5 bits are transferred to the selector. 
CAR signal turns into high level at the rise of 
CL1. The number of bits that can be S/P-converted 
can be increased by connecting CAR terminal with 


The 4-bit data is latched at 61—20 and output to eennay oF ie ext BDO: 
latch circuit 2. When SHL is low level, the data 
from DL are latched in order of 172-23 ... -80 of 
each latch. When SHL is high level, they are 
latched in a reverse order (80-°79~78 ... 1). 
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HD61200 


Terminal Functions Description 








Terminal Number of Connected 
Name Terminals 1/O to. Functions _— 
Voc 1 Power Voc — GND: Power supply for internal logic 
| vied supply Voc — Veg: Power supply for LCD drive circuit 
EE | | 
Vi-Va. 8 Power Power supply for liquid crystal drive. 
Vin-Var supply Vit (Vin) Vat (Var): Selection level 
Vai (V3r), Vat (Var): Non-selection level 
Power supplies connected with V,, and Vip (Va & Vor, 
Va. & Var, Va & VaR) should have the same voltages. 
Y1-Y80 80 O LCD Liquid crystal driver outputs. | 
| Selects one of the 4 levels, V1, V2 V3, and V4. 
Relation among output level, M, and display data (D) is as 
follows: 
M | 1 | 0 | 
D 1{/o];1]0 
vate | v1 | v3 Lye | v4 | 
M 1 | Controller Switch signal to convert liquid crystal drive waveform into 
AC. 
CL1 1 I Controller Synchronous signal (a counter is reset at high level). 
Latch clock of display data (falling edge triggered). 
Synchronized with the fall of CL1, liquid crystal driver 
, signals corresponding to the display data are output. 
CL2 1 | Controller Shift clock of display data (D). 
Falling edge triggered. 
DL, DR 2 I Controller Input of serial display data (D). 
Liquid Crystal Liquid Crystal 
(D) Driver Output Display 
1 (High level) Selection level On 
0 (Low level) Non-selection level _ Off 
SHL 1 | VecorGND Selects the shift direction of serial data. 
| When the serial data (D) is input in order of D1-— ... ~D80, 
the relations between the data (D) and output Y are as 
follows: | 
SHL Y1 Y2 Y3 Y80 
Low Ort D2 D3 ~D80 
High D80 D79_ ~—s78 be D1 
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Terminal Functions Description (cont) 


. Terminal Number of Connected 
Name Terminals 1/0 to Functions 
SHL 1 I Voc or GND When SHL is low, data is input from the DL terminal. No 
(cont) lines should be connected to the DR terminal. 
When SHL is high, the relation between DL and DR 
reverses. 
E 1 | GND orthe Controls the S/P conversion. | 
pith CAR the operation stops on high level, and the S/P conversion 
HD61200 starts on low level. 
CAR 1 O _Input terminal Used for cascade connection with the HD61200 to 
E of the increase the number of bits that can be S/P converted. 
HD61200 
FCS 1 i GND Input terminal for test. 


Connect to GND. 





Operation of the HD61200 


The following describes an LCD panel with 64 x 240 dots on which characters are displayed with 1/64 duty 
cycle dynamic drive. Figure 1 is an example of liquid crystal display and connection to HD61200s. Figure 2 
is a time chart of HD61200 I/O signals. | 
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— 
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—= 
eee cae AD 
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63, 63, 
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64, 64, 64, es 64, 64, 


Y80 


Yi Y2 Y80 


HD61200 (No. 2) HD61200 (No. 3) 


+8 wea ed 
woslso OO O 





Moco 
CL1 © 
CL2 C 

DATE © 





Figure 1 LCD Driver with 64 x 240 Dots 


Cascade three HD61200s. Input data to the DL terminal of No. 1, No. 2, and No. 3. Connect E of No. 1 to 
GND. Don't connect any lines to CAR of No. 3. Connect common signal terminals (COM1—COM64) to 
X1—X64 of common driver HD61203. (m, n) of LCD panel is the address corresponding to each dot. 
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CL2 “UAL ---S9 LLL Ln --- SU LLL ---PL pn Timing 
CXC -- \EXEKEKENEX ~—[chart 
7 ! . aa for 
CAR(No. 1) 1 TE(No. 2) horizontal 
CAR(No. 2) I TE(No. 3) direction 


CAR(No. 3) I; 
I 


ee : 1 : 
LD Se eS SSI PF TS AALS OE LETTE ENCRAEED OT 














Timing 
CL2 chart 
for 
DL vertical 
Yi-Y80 direction 
' wiicease see 
a 1 Frame — eee | 
‘i | : : | Timing 
CO Nel elas. --lehart 
Yi(No. 1) “XEXemXEKEIXEIXEL ------ CEE NENEX XXX ------- XODOOOOOC ior 
Y2(No. 1) “XieXzeXszXeeXezXez liquid 
: . crystal 
Y80(No. 1) display 
= . driver 
Y80(No. 3) ED C24 21K 24NS, 2616, 200 output 
t 
1 


Timing chart for example of connection in figure 1. 
DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 
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Application Example 


joued eddy 


joued Jomo} 





\ (slop 79) _ OZ \___ (stop 9) CY 


Figure 3 Example of 128 x 240 Dot Liquid Crystal Display (1/64 duty cycle) 


The liquid crystal panel is divided into upper and lower parts. These two parts are driven separately. 
HD61200s No. 1 to No. 3 drive the upper half. Serial data, which are input from the DATA (1) terminal, 
appear at Y; ~ Y2 — -- Ygo terminal of No. 1, then at Y; ~ Y2 — -- Ygo of No. 2 and then at Y;~ Y2 > 

-- Ygq of No. 3 in the order in which they were input (in the case of SHL = low). HD61200s No. 4 to No. 
6 drive the lower half. Serial data, which are input from DATA (2) terminal, appear at Ygq > Y79 ~ -- Y) 

of No. 4, then at Ygo ~ Y79 > -- Y; of No. 5 and then Ygo ~ Y79 ~ -- Y; of No. 6 in the order in which 

they were input (in the case of SHL = high). 


As shown in this example, a PC board for a display divided into upper and lower half can be easily designed 
by using the SHL terminal effectively. 
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HD61202 


(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


Description 


HD61202 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro controller in the internal display RAM and 
generates dot matrix liquid crystal driving signals. 


Each bit data of display RAM corresponds to the 
on/off state of a dot of a liquid crystal display to 
provide more flexible than character display. 


As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
display with many dots. 


The HD61202, which is produced in the CMOS 
process, can complete portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal oe s low 
power dissipation. 


Moreover it can facilitate dot matrix liquid crystal 


graphic display system configuration in | 


combination with the row (common) driver 
HD61203. 
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Features 





Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 
RAM data direct display by internal display 
RAM 

RAM bit data 1: On 

RAM bit data 1: Off 
Internal display RAM address counter preset, 
increment 
Display RAM capacity: 512 bytes (4096 bits) 
8-bit parallel interface 
Internal liquid crystal display driver circuit: 64 
Display duty cycle: 
Drives liquid crystal panels with 1/32—1/64 
duty cycle multiplexing 
Wide range of instruction function: 
Display Data Read/Write, Display On/Off, Set 
Address, Set Display Start Line, Read Status 
Lower power dissipation: during display 2 mW 
max 
Power supply: Vcc: 5 V+10% 
Liquid crystal display driving voltage: 8 V to 
17.0 V 
CMOS process 
100-pin flat plastic package (FP-100) 
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Absolute Maximum Ratings. 


oY 


item Symbol Value | Unit Note 

Supply voltage Voc -0.3 to +7.0 | Vv 2 

VeeEs Voc -19.0 to Voc + 0.3 V 3 

_ Vere 

Terminal voltage (1) Vi Veg — 0.3 to Voc + 0.3 V 4 
Terminla voltage (2) Vio 0.3 to Voc + 0.3 V | 2,5 
Operating temperature Topr -20 to +75 —_ °C 
Storage temperature Tstg 55to+125 °C 
Notes: 1. LSis may be destroyed if they are used beyond the absolute maximum ratings. 


In ordinary operation, it is desirable to use them within the recommended operation 
conditions. 
Using them beyond these conditions may cause malfunction and poor reliability. 
All voltage values are referenced to GND = 0 V. 
Apply the same supply voltage to Veg; and Vero. 
Applies to V1L, V2L, V3L, V4L, V1R, V2R, V3R, and V4R. 
Maintain 
Voc 2 V1L = V1R 2 V3L = V3R 2 V4L = V4R 2 V2L = V2R 2 Ver 
Applies to M, FRM, CL, RST, ADC, 91, 42, csi, CS2, CS3, E, RW, D/l, and DBO-DB7. 
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Pin Arrangement 
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SSSISIS S/S /S/S}5 131318 


oo 
QOaa 
BIBI 


ge 
als 


81] DB2 


Y41 (32 
Y40 (33) 


Y42 (31 
Y39 [34 
Y38 [35 
Y37 (36 
Y36 [37 
Y35 [38] 
Y34 [39] 
Y33 [40 
Y32 [41] 
Y31 [42 
Y30 [43 
Y29 [44 
Y28 [45] 
Y27 [46] 
Y26 [47 
Y25 [48] 
Y24 [49] 
Y23 [50 


(Top view) 
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Electrical Characteristics | : 
(GND = 0. V, Vcc = 4.5 to 5.5 V, Voc - Vex = 8 to 17.0 V, Ta = -20 to 
+75°C) 


Limit 
Item Symbol Min Typ Max Unit Test Condition - Note 
Input high voltage Vinc 0.7xVog — Vee V 1 
Ver «2.0 — Vee V 2 
Input low voltage Vic 0 _— 03x Veco V | 1 
Vit 0 — 0.8 V 2 
Output high voltage Voy 2.4 — — V loy = -205 pA 3 
Output low voltage Vor — — 0.4 V lo. = 1.6 mA 3 
Input leakage current = |i,  =1.0 — +1.0 pA  Vin=GND-Voc 4 
Three-state (off) Hse -5.0 — +5.0 pA Vin = GND-Voc 5 
_input current 
Liquid crystal supply Its. —2.0 — +2.0 pA =-~*Vin = Vee—Voc 6 
leakage current : | 
Driver on resistance Ron — — 7.5 kQ = Voo—Vee=15V 8 
thoap = 0.1 mA — 
Dissipation current loc(1) — — 100 pA During display | 7 
lec (2) — — 500 pA During access 7 


access cycle = 1 MHz 





Notes: 1. Applies to M, FRM, CL, RST, 61, and 62. 
2. Applies to CS1, CS2, CS3, E, RW, D/l, and DBO-DB7. 
3. Applies to DBO—-DB7. 
4. Applies to terminals except for DBO-DB7. 
5. Applies to DBO-DB7 at high impedance. 
6. Applies to ViL—-V4L and V1R—V4R. 
7. Specified when liquid crystal display is in 1/64 duty cycle mode. 
Operation frequency fotk = 250 kHz (91 and $2 frequency) 
Frame frequency fy = 70 Hz (FRM frequency) 
Specified in the state of 
Output terminal: not loaded 
Input level: Vin = Voc (V) 
Vi, = GND (V) 
Measured at Voc terminal 
8. Resistance between terminal Y and terminal V (one of ViL, VIR, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through one of the terminals Y1 to Y64. This value is 
Speciiiod under the following condition: 
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Voc- Vee= 15.5 V 
Vit = Vir» Vai = Van= Voo- 2/7 (Voc— Vee) 
~ Vor = Vor: Vat = Van™ Voc + 2/8 (Voc — Veg) 


Vit» Vir 
V3_ > Var 

Terminal Y 
V4.» Var (Y1-Y64) 





VoL, Vor 


The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to VIL = VIR and V3L = V3R and negative voltage to V2L = V2R and V4L = V4R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage Voc — Ver. 





Vec 
V1 (“Mit = Vir) Range of Power Supply 
-~--~- V3 (Vg. =V3R) ~~ | Voltage for Liquid Crystal 
Display Drive 


epee V4 (V4 = Var) 








~------------- V2 (Vo. = Vor) 
EE 8 17.0 
Veco ~ Vee (Y) 
Correlation between Driver Correlation between Power 
Output Waveform and Power Supply Voltage Voo- Vee and AV 
Supply Voltages for Liquid | 
Crystal Display Drive 
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Terminal Configuration 


input Terminal 
V Applicable terminals : ee 
cc M, FRM, CL, RST, 61, 6 2, CS1, CS2, CS3, 
E, RW, D/A, ADC 
PMOS 
NMOS 


Input/Output Terminal 


Applicable terminals: DBO—-DB7 


V 
aa (Input circuit) 


+-— Enable 


Data 





he am ae Oe om an om oe oe of en oD oP a oD oe 


(Output circuit) 
[three state)) 


Output Terminal 


Applicable Terminals: 
Y1-—Y64 


VIL, VIR 
V3L, V3R 
V4L, V4R_ 


V2L, V2R 
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Interface AC Characteristics 


MPU Interface | 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ta = —20 to +75°C) 


Item Symbol Min Typ Max Unit Note 


E cycle time tcyc 1000 — — ns 1,2 
E high level width PWeH 450 — — ns 1,2 
E low level width Pwet 450 — — ns 1,2 
E rise time tr | — — 25 ns 1,2 
E fall time tf = — 25 ns 1,2 
Address setup time | tas 140 — _ ns 1,2 
Address hold time taH 10 — — ns 1,2 
Data setup time tpsw 200 — — ns | 1 
Data delay time. | topr _ — 320 ns 2, 3 
Data hold time (Write) — tpyw 10 — — ns 1 
Data hold time (Read) tpHR 20 — _— ns 2 
Notes: 1. 
tcyc 
E 2.0V Paces \ 
0.8V 


CS1-CS3 ey ) 
D/ 0.8 Vv /\ 
0.8V K_ 


Figure 1 CPU Write Timing 
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Notes: 2. 
. x 
tcyc 

E Pwe_——f ens ~ 

|! ty tt 
RW 2.0V Fi 

0.8VH ¥ 
DI 0.8 V 
tppr 


4V 
0.4V 
| Figure 2 CPU Read Timing 


3. DBO—DB7: load circuit 


RL=2.4kQ 

R =11kQ 

C = 130 pF (including jig capacitance) 
Diodes D1-D4 are all 1S2074 (H). 
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Clock Timing 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ta = -20 to +75°C) 


Limit 
item Symbol Min Typ Max Unit Test Condition 
41, 42 cycle time tcyc 2.5 — 20 ps Fig. 3 
¢1 low level width twee 625 _ — ns Fig. 3 
¢2 low level width twe2 625 -— — ns Fig. 3 
41 high level width twHe1 1875 _— _ ns Fig. 3 
42 high level width twHe2 1875 _ — ns Fig. 3 
¢1—2 phase difference to12 625 — -_ ns Fig. 3 
42—o1 phase difference tp21 625 _ — ns Fig. 3 
61, 42 rise time tr — — 150 ns Fig. 3 
61, ¢2 fall time tf — _ 150 ns Fig. 3 








Figure 3 External Clock Waveform 
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Display Control Timing | 
(GND = OV, Vcc = 4.5 to 5.5 V, Ta = -20 to +75 °C) 


: Limit 
Item Symbol Min Typ Max Unit Test Condition 
FRM delay time torpm tit a 42 us| ~—s- Fig. 4 
M delay time tom -2 —_ +2 pS Fig. 4 
CL low level width twicL 35 —_ — us Fig. 4 
CL high level width — tWHCL 35 si _ us Fig. 4 





Figure 4 Display Control Signal Waveform 
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Block Diagram 
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Terminal Functions 


Connected 


Terminal Number of 

Name Terminals 1/0 to 
Voc 2 | Power 
“ GND supply 

VeEE1 2 Power 

VeE2 supply 

ViL, VIR 8 Power 

V2L, V2R supply 

V3L, V3R Se 

V4L, V4R 

CS1 3 | MPU 

CS2 

CS3 

E 1 | MPU 

RAW 1 l MPU 

MPU 


Functions | 
Power supply for internal logic. 
Recommended voltage is: 

GND =0V 

Voc = 5 V+10% | 
Power supply for liquid crystal display drive circuit. 
Recommended power supply voltage is Vcc — Veg = 8 to 17.0 
V. Connect the same power supply to Veg, and Vee. Vee: 
and Vege are not connected each other in the LSI. 
Power supply for liquid crystal display drive. 


Apply the voltage specified depending on liquid crystals 
within the limit of Veg through Voc. 


ViL (V1R), V2L (V2R): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 


Power supplies connected with V1L and ViR (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same ous: 


Chip selection. 


Data can be input or output when the terminals are in the 
following conditions: 


TerminalName —- CS CS2 CS3 
Condition L L H 
Enable. | 


At write(R/W = Low): Data of DBO to DB7 is latched at 
| the fall of E. 


At read(R/W = High): Data appears at DBO to DB7 while 
Eis at high level. 


Read/write. 


R/W = High: Data appears at DBO to DB7 and can be 
| read by the CPU. 
When E = high, CS1, CS2 = low and CS3 = 
high. 


RWW =Low: DBO to DB7 can accept at fall of E when 
CS1, CS2 = low and CS3 = high. 


-Data/instruction. 


D/i= High: Indicates that the data of DBO to DB7 is 
display data. 


D/l=Low: _ Indicates that the data of DBO to DB7 is 
display control data. 
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Terminal Functions (cont) 


Terminal Number of Connected 
Name Terminals 1/0 to Functions 
ADC 1 | Vcc/GND _ Address control signal to determine the relation between Y 
address of display RAM and terminals from which the data is 
output. 
ADC =High: Y1: $0, Y64: $63 
ADC =Low: Y64:$0, Y1: $63 
DB1-DB7 8 /O MPU Data bus, three-state /O common terminal. 
M 1 ; HD61203 Switch signal to convert liquid crystal drive waveform into 
AC. : 
FRM 1 i HD61203 Display synchronous signal (frame signal). 


Presets the 6-bit display line counter and synchronizes the 
common signal with the frame timing when the FRM signal 
becomes high. 


CL 1 I HD61203 Synchronous signal to latch display data. The rising CL 

| signal increments the display output address counter and 
latches the display data. 

61, 62 2 | HD61203 2-phase clock signal for internal operation. 


The 1 and 92 clocks are used to preform operations (I/O of 
display data and execution of instructions) other than 





display. | 
Y1-Y64 64 O Liquid _ Liquid crystal display column (segment) drive output. 
crystal These pins outputs light on level when 1 is in the display 
display RAM, and light off level when 0 is it. 
Relation among output level, M, and display data (D) is as 
follows: 
M | 1 | 0 | 
D 1707170 
rata | v1 | V3 | v2 | V4 | 
RST 1 | CPUor _ The following registers can be initialized by setting the RST 


external CR — signal to low level. 
1.  On/off register 0 set (display off) 


2. Display start line register line 0 set (displays from 
line 0) 
After releasing reset, this condition can be changed only by 
instruction. 


NC 3 Open Unused terminals. Don't connect any lines to these 
| terminals. 





Note: 1 corresponds to high level in positive logic. 
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Function of Each Block 
Interface Control 


1. WO buffer 

Data is transferred through 8 data bus lines (DBO- 
_ DB7). 

DB7: MSB (Most significant bit) 

DBO: LSB (Least significant bit) 

Data can neither be input nor output unless CST to 
CS3 are in the active mode. Therefore, when CSI 
to CS3 are not in active mode it is useless to 
switch the signals of input terminals except RST 
and ADC; that is namely, the internal state is 
maintained and no instruction excutes. Besides, pay 
attention to RST and ADC which operate 
irrespectively of CS1 to CS3. : 


2. Register 

Both input register and output register are provided 
to interface to an MPU whose speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals (table 1). 


a. Input register 

The input register is used to store data temporarily 
before writing it into display data RAM. 

The data from MPU is written into the input 
register, then into display data RAM automatically 
by internal operation. When CSI to CS3 are in the 
active mode and D/I and R/W select the input 
register as shown in table 1, data is latched at the 
fall of the E signal. 


Table 1 Register Selection 


b. Output register | 
The output register is used to store data temporarily 
that is read from display data RAM. To read out the 
data from output register, CS1 to CS3 should be in 
the active mode and both D/I and R/W should be 1. 
With the read display data instruction, data stored in 
the output register is output while E is high level. 
Then, at the fall of E, the display data at the 
indicated address is latched into the output register 
and the address is increased by 1. 


The contents in the output register are rewritten by 
the read display data instruction, but are held by 
address set instruction, etc. 


Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one dummy 
read is necessary. Figure 5 shows the CPU read 
timing. 


Reads data out of output register as internal operation (display data RAM > output 


Writes data into input register as internal operation (input register — display data RAM) 


D/I R/W Operation 
1 1 
register) 
1 0 
0 1 Busy check. Read of status data. 
0 O07 Instruction | 
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Busy Flag 


Busy flag = 1 indicates that HD61202 is operating 
and no instructions except status read instruction 
can be accepted. The value of the busy flag is read 


out on DB7 by the status read instruction. Make 
sure that the busy flag is reset (0) before issuing 
instructions. | | 


os T Busy oe 


fork is @1, @2 frequency 


lAicixsT Busy £3/cik 





Figure 6 Busy Flag 


Display On/Off Flip/Flop 


The display on/off flip/flop selects one of two 
States, on state and off state of segments Y1 to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is controlled by display on/off 
_ instruction. RST signal = 0 sets the segments in 
off state. The status of the flip/flop is output to 
DBS by status read instruction. Display on/off 
instruction does not influence data in RAM. To 
control display data latch by this flip/flop, CL 
signal (display synchronous signal) should be input 
correctly. : 


‘Display Start Line Register 


The display start line register specifies the line in 
RAM which corresponds to the top line of LCD 
panel, when displaying contents in display data 
RAM on the LCD panel. It is used for scrolling of 
the screen. 


6-bit display start line information is written into 


this register by the display start line set 


instruction. When high level of the FRM signal 
Starts the display, the information in this register is 


transferred to the Z address counter, which controls 
the display address, presetting the Z address 
counter. 


X, Y Address Counter — 


A 9-bit counter which designates addresses of the 
internal display data RAM. X address counter | 
(upper 3 bits) and Y address counter (lower 6 bits) 
should be set to each address by the respective 
instructions. 


1. X address counter 
Ordinary register with no count functions. An 
address is set by instruction. 


2. Y address counter — 

An address is set by instruction and is increased by 
1 automatically by R/W operations of display data. 
The Y address counter loops the values of 0 to 63 
to count. 


Display Data RAM 


Stores dot data for display. 1-bit data of this RAM 
corresponds to light on (data = 1) and light off (data 
= 0) of 1 dot in the display panel. The 
correspondence between Y addresses of RAM and 
segment pins can be reversed by ADC signal. 
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As the ADC signal controls the Y address counter, 
reversing of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, never fail to 
connect ADC pin to Vcc or GND when using. 


Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = 0 (display start line = 0, 1/64 duty 
cycle). 
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(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 


| HD61203 X4 
LCD (HD61203 X4) 








, (HD61203 X5) 
display pattern (HD61203 X6) 
(HD61203 X7) 
(HD61203 X8) 
(HD61203 X9) 
COM62' (HD61203 X62) _ 
COM63 (HD61203 X63) 
COM64 (HD61203 X64) 
HD61202 Pin Name 
Line 0 ----- 0 O10} 1 4 ‘DBO(LSB) 
Line 1 ----- DB1 
Line 2 ----- me DB2 
ee DBs 
X=0 Ae 2 a 9) 
as : oe 8 2 a 
pepe ago “i 
ata 
7 
xX 
i a 
| 't 
{ (4 
j ie | 
i 
Line 62 





Line 63 


RAM Y Address 


ADC = 1 (Connected to V.,) 


Figure 7 Relation between RAM Data and Display 
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(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 
(HD61203 X4) 
















roe (HD61203 X5) 
display pattern (HD61203 X6) 
(HD61203_ X7) 
(HD61203 X8) 
(HD61203 X9) 
i te _ 
(a (el eee oe COM62 (HD61203 X62) 
i ee Zee COM63 (HD61203 X63) 
Re eae nee COM64 (HD61203 X64) 
oe 
st| bo vehi 
Line 0 ----~ ofo| ofofos |— DBO(LSB) 
Line 1 ----~ Le ae ofofolit—-+ DBI 
Line 2 ----— tio] 1 0 }0 | FP DB2 
EM Ne eae 0 11041, aKa DB3 
saad | KG (Se 0 ol} DB4 
Displ De ar ofofo[1 | DBS 
Dies Meee | 
RAM date ‘tio; ofofo ft} DB6 
lojo| ofololo| DB7(MSB) 
ojo} ofololo 
X = 1 = bere 
“Secu sl 1 bit 
ttt 
oe | 
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ADC =0 (Connected to GND) 


Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 


The Z address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 


counts up at the fall of the CL signal. At the high 


level of FRM, the contents of the display start line 
register is preset at the Z counter. 


) 


Display Data Latch 


The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit. Data is latched 
at the rise of the CL signal. The display on/off 
instruction controls the data in this latch and does 
not influence data in display data RAM. 


Liquid Crystal Display Driver Circuit 


The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, V1, V2, V3, and V4 to be output. 


Reset 


The system can be initialized by setting RST 
terminal at low level when turning power on. 


1. Display off 
2. Set display start line register line 0. 


While RST is low level, no instruction except 
status read can be accepted. Therefore, execute other 
instructions after making sure that DB4 = 0 (clear 
RESET) and DB7 = 0 (Ready) by status read 
instruction. The conditions of power supply at 
initial power up are shown in table 1. | 





Table 1 Power Supply Initial Conditions 


Item Symbol Min 
Reset time tast 1.0 


Rise time t, ss 


Typ Max Unit 
_ 200 ns 





Do not fail to set the system again because RESET during operation may destroy the data in all the 


registers except on/off register and in RAM. 


RST 
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Display Control Instructions 
Outline 


Table 2 shows the instructions. Read/write (R/W) signal, data/instruction (D/T) signal, and data bus signals 
(DBO to DB7) are also called instructions because the internal operation depends on the signals from the 
MPU. 

These explanations are detailed in the following pages. Generally, there are following three kinds of 
instructions: . 


1. Instruction to set addresses in the internal RAM 
2. Instruction to transfer data from/to the internal RAM 
3. Other instructions 


In general use, the second type of instruction is used most frequently. Since Y address of the internal RAM 
is increased by 1 automatically after writing (reading) data, the program can be shortened. During the 
execution of an instruction, the system cannot accept instructions other than status read instruction. Send 
instructions from MPU after making sure that the busy flag is 0, which is proof that an instruction is not 
being excuted. : 
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Table 2 Instructions 


instructions 
Display on/off 0 0 0 0 


Display start line 0 0 1 1 
Set page (X address) 0 0 1 0 


Set address 0 0.060O lOO 1 


Status read 1 Busy 0 


Write data 


Read display data 1 1 Read data 





Note: 1. 
(Ack S$ Tausy ¥ 3/cLk) 


Code 


1 1 1 


1 1 


Display start line (0-63) 


1 1 1 


Y address (0-63) 


_ ON/ Reset 0 


OFF 


Busy time varies with the frequency (fco_K) of 61, and $2. 


| Page (0-7) 


0 0 


Write display data 0 1 


R/W D/!| DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Functions 


Controls display on/off. RAM data and internal 
status are not affected. 1: on, 0: off. 


Specifies the RAM line displayed at the top of the 
screen. 


Sets the page (X address) of RAM at the page (X 
address) register. 


Sets the Y address in the Y address counter. 
Reads the status. | 


RESET 1: Reset 


0: Normal 

i Display off 

0: Display on 

1: Internal operation 
0: Ready 


ON/OFF 


Busy 


Writes data DBO (LSB) 
to DB7 (MSB) on the 
data bus into display 
RAM. 


Reads data DBO (LSB) 

to DB7 (MSB) from the 
display RAM to the data 
bus. : 


Has access to the 
address of the display 
RAM specified in 
advance. After the 
access, Y address is 
increased by 1. 
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i a 


Detailed Explanation 


Display on/off 





D/| DB7 DBO 


<— high-order bit low-order bit —> 
The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
with D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = 0 into 
D=1. 


Display start line 





D/| DB7 DBO 


«— high-order bit low-order bit —> 


Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed 
at the top of the screen. Figure 8 shows examples of display (1/64 duty cycle) when the start line = 0-3. 
When the display duty cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD 
screen, from the line specified by display start line instruction, is displayed. 
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COM1 COM1 
.COM2 COM2 
COM3 COM3 
COM4 - COM4 
COMS5 COM5 
COM6 COM6 
COM7 COM7 
COM8 COM8 


COM9 COM9 








COM60 COM60 
COM61 COM61 
COM62 - COM62 
COM63 COM63 
COM64 COM64 
Start line = 1 

COM1 ~COM1 | | | 
COM2 COM2 | 
COM3 COM3 ae 
COM4 COM4 a Sy 
COMS5 COMS5 Lee 
COM6 COM6 ia fede 
COM7 COM7 
COM8 COM8 PT yy. 
COM9 COM9 | Tt 7 | 

Zp 

} 
COM60 COM60 
COM61 COM61 
COM62 COM62 
COM63 COM63 
COM64 COM64 

Start line = 2 | | Start line = 3 


Figure 8 Relation Between Start Line and Display 
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Set page (X addsess) 





D/l DB7 DBO 


— High-ordar bit low-order bit —> 


X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 9. 


Set Y address 





D/| DB7 DBO 


«— high-order bit low-order bit —> 


Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 


Y address 





Figure 9 Address Configuration of Display Data RAM 
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Status Read 





RW D/A ODB7 DBO 


Busy ON/ T 


<«— high-order bit low-order bit —> 


_ Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 
Busy is 1, so you should make sure that Busy is 0 before writing the next instruction. 


ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is 1, the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 


RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 
except status read can be accepted. 
RESET = 0 shows that initializing has finished and the system is in the usual operation 
condition. | 

Write Display Data 


RW OD/| DB7 DBO 


«— high-order bit low-order bit —> 





Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 


Read Display Data 





RW DA DB7 DBO 


<— high-order bit low-order bit —> 


Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 

One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61202 


Interface with HD61203 (1/64 duty cycle) 






Voc COM1 
V1 
V6 LCD Panel 
V5 64 = 64 dots 
V2 > “4 
VEE COM64 5 6 
Lu Lu 
” “” 
Py OTe 
Yi ~ N_wW Y64 














Vec Vec 
ViL, ViR V1 
HD61202 V2L, V2R V2 
V3L, V3R V3 
V4L, V4R V4 
Vee1,V EE2 VEE 





7 | Voc 

| 

| 

| 

| 

| 

| 

| 
| External CR 

| 7 

| CPU 

| 

[ 

| 

| R3 #152 ‘ 
| 

| 
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The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 


Figure 10 LCD Driver Timing Chart (1/64 duty cycle) 
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Interface with CPU 


1. Example of connection with HD6800 


Decoder 


HD6800 | HD61202 





Figure 11 Example of Connection with HD6800 Series 


In this decoder, addresses of HD61202 in the address area of HD6800 are: 
Read/write of the display data $FFFF 
write of display instruction $FFFE 
Read out of status - $FFFE 





Therefore, you can control HD61202 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 





74LS154— 






(IOS) (SC1) 
(R/W) (SC2) 


- P14 
HD6801 
E 
P30 
P31 
(Date bus) | 


P37 


Set HD6801 to mode 5. P10 to P14 are used 
as the output port and P30 to P37 as the data 
bus. 

‘J4LS154 4-to-16 decoder generates chip select 
signal to make specified HD61202 active after 
decoding 4 bits of P10 to P13. 


| 4 


CS3 


HD61202 
No. 1 


Therefore, after enabling the operation by P10 
to P13 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61202. In this 
case, IOS signal is output from SC1 and R/W 
signal from SC2. 


For details of HD6800 and HD6801, refer to 


their manuals. 
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Example of Application 


HD61202 | HD61202 HD61202 
No. 9 No. 10 No. 16 
Y1—~— Y64—s—« | Y1 —~ Y64 Y1 —~ Y32 


zs 
Q " 
O 
re) Te Tenge Se a 
> 


HD61203 
(Master) 
~ OR 


LCD Panel 
128 x 480 dots 


© 
O 
= 
jp 
@ 





Y1 —~— Y64 [yi — Yes Y1 —~— Y32 
HD61202 | HD61202 HD61202 
No. 1 | No. 2 No. 8 





Note: In this example, two HD61203s output the equivalent waveforms. So, stand-alone operation is 
possible. In this case, connect COM1 and COM65 to X1, COM2 and COM66 to X2, ..., and COM64 
and COM128 to X64. However, for the large screen display, it is better to drive in 2 rows as in this 
example to guarantee the display quality. 
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(Dot Matrix Liquid Crystal Graphic 


Dispi ay C 
Description 


The HD61203 is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 
and the impedance is low enough to drive a large 
screen. 


As the HD61203 is produced by a CMOS process, 
it is fit for use in portable battery-driven equipment 
utilizing the liquid crystal display's low power 


consumption. The user can easily construct a dot 


matrix liquid crystal graphic display system by 
combining the HD61203 and the column (segment) 
owe HD61202. 


Absolute Maximum Ratings 


ommon Driver ) 


Features 


© Dot matrix liquid crystal graphic display 


common driver with low impedance 
¢ Low impedance: 1.5 kQ max 
¢ Internal liquid crystal display driver circuit: t: 64 
circuits 
° Internal dynamic display timing generator 
circuit 
¢ Display duty cycle 
When used with the column driver HD61202: 
1/48, 1/64, 1/96, 1/128 
When used with the column driver HD61200: 
Selectable out of 1/32 to 1/128 
* Low power dissipation: During display: 5 mW 
¢ Power supplies: Vcc: 5 V + 10% 
* Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 
e CMOS process 
*  100-pin flat plastic package (FP-100) 


item Symbol Limit Unit Note 
Power supply voltage (1) Voc —0.3 to +7.0 V 2 

Power supply voltage (2) VEE Voc -19.0 to Veco + 0.3 V 5 

Terminal voltage (1) My — 0.3 to Voc + 0.3 V 2,3 
Terminal voltage (2) Vio Veg — 0.3 to Voc + 0.3 V 4,5 
Operating temperature Topr -20 to +75 C 

Storage temperature T stg —55 to +125 C 

Notes: 1. If LSls are used beyond absolute maximum ratings, they may be permanently destroyed. We 


_ strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 


2. BasedonGND=OV. 


3. Applies to input terminals (except V1L, V1R, V2L, VaR, V5L, V5R, V6L, and V6R) and I/O 


terminals at high impedance. 


4. Applies to ViL, ViR, V2L, V2R, V5L, V5R, V6L, and V6R. 
5. Apply the same value of voltages to ViL and V1R, V2L and V2R, VS5L and V5R, VéL and V6R, 


Veg (23 pin) and Veg (58 pin) respectively. 


Maintain Voc 2 VIL = V1R 2 V6L = V6R 2 VSL = V5R 2 V2L = V2R > Veg 
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Pin Arrangement 





owwrmMmoornremooodnr NO TM OR WOO + N 

Fe Ue Ee OO OL QQ QR 

EIRIBISIGBRIGSIRIBIBIBIBIBIGISIEIRIE 
X22 [1. 80] X43 
X21 12 79| X44 
x20 [3 | 78] X45 
X19 (4) 77 X46 
X18 [5 | 76] X47 
X17 [6 75] X48 
X16 74] X49 
X15 [8 | '73| X50 
X14 [9 | 72] X51 
X13 [10 71| X52 
X12 [11 70] X53 
X11 [12 69] X54 
X10 [13] 68] X55 
x9 67] X56 
xs [15 66] X57 
X7 [16] 65] X58 
X6 64] X59 
X5 [18 63] X60 
X4 [19] 62] X61 
X3 [20 61] X62 
X2 [21 60] X63 
X1 [22 59] X64 
Vee (23, 58} Vee 
V6L [24 57] V6R 
V5L (25) 56] VSR 
Va2L [26] 55] V2R 
ViL 54] VIR 
Vcc (28! 53] TH 
DL (29) 52} CL2 
FS {30! 51] CL1 

FSB S SSS FI SSSS 

am AN Mm —J ” td ~) 

BS 9 ,9sbEsoSurgt.o8e 

(Top view) 
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Electrical Characteristics 


DC Characteristics — 
(Vcc = svt 10%, GND = 0 V, Vcc - VEE = 8.0 to 17.0 V, Ta = -20 to +75°C) 


Specifications 


Test item Symbol Min Typ Max Unit Test Conditions Note 
Input high voltage Vin 07xVogo — Voc V 1 
Input low voltage Vit GND — 0.3xVoo V 1 
Output high voltage Vou Veo-04  — — ov lon = -0.4 mA 2 
Output low voltage Voi — — 0.4 V lo. = 0.4 mA 2 
Vi-Xj on resistance Ron — — 1.5 kQ Voo~VerE=17V 13 
Load current 
| +150 pA 
Input leakage current = titi —1.0 — 1.0 yA Vin = 0 to Voc 
Input leakage current = lita —2.0 — 2.0 A Vin = Veg to Voc 
Operating frequency fopri «550 — 600 kHz In master mode 5 
external clock 
operation 
Operating frequency fopr2 0.5 — 1500 kHz In slave mode 6 
‘ shift register 
Oscillation frequency fosc 315 450 585 kHz Cf=20pF+5% 7, 12 
| Rf = 47kQ+ 2% 
Dissipation current leat — — 1.0 mA In master mode 8,9 
(1) 1/128 duty cycle 
| Cf = 20 pF | 
Rf = 47 kQ 
Dissipation current lee2 — 200 pA Inslavemode — 8, 10 
(2) 1/128 duty cycle 
Dissipation current lee — — 100 pA In master mode 8, 11 
1/128 duty cycle 





Notes: 1. Applies to input terminals FS, DS1,DS2, CR, SHL, M/S, and FCS and I/O terminals DL, M, DR, 
and CL2 in the input state. 
2. Applies to output terminals, 01, @2, and FRM and 1/0 common 1 terminals DL, M, DR, and CL2 in 
the output state. | 
3. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, I/O terminals 
_ DL, M, DR, and CL2 in the input state and NC terminals. 
4. Applies to VIL, V1R, V2L, V2R, VSL, V5R, V6L, and V6R. Don't connect any lines to X1 to 
X64, | . 
5. External clock is as follows. 
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Duty Cycle = =i x 100% 
Min Typ Max Unit 


Duy 45 50 55% 


° 


External clock 
waveform 


OV AS ee a ae Be a en es 
_ _ 50 ns 
- - 50 ns 





6. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 
7. Connect oscillation resister (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is twice as much as the frequency (fa) at a1 or a2. 


RR=47kQ ogg = 2x fo 


8. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at Vi = Voc and Vy = GND. 

9. This value is specified for current flowing through GND in the following conditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is 
connected to Voc and each of CL1 and TH to GND. Oscillator is set as described in note 7. 

10. This value is specified for current flowing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS, and CR is connected to Voc, CL1, TH, and WS to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and 
DL of the HD61203 under the condition described in note 9. 

11. This value is specified for current flowing through Ver¢ under the condition described in note 9. 
Don't connect any lines to terminal V. 

12. This figure shows a typical relation among oscillation equaney, Rf and Cf. Oeeniation 
frequency may vary with the mounting conditions. 








600 
N 
~ 400 
: ! 
© 200 , 

] 

0 50 100 
R¢ (kQ) 
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13. Resistance between terminal X and terminal V (one of ViL, V1R, V2L, V2P, V5L, V5R, V6L, | 
and V6R) when load current flows through one of the terminals X1 to X64. This valueis 
specified under the following conditions: 


Vin Yr» Yer= Ver™ Voo—17 (Voom Vee) 
Va = Vor Vsu= Vsn= Veg +1/7 (Voc~ Vee) 


Vit» VR 
VeL. VeR 

| Terminal X 
VeL. 4R ————_—_——o (X1 to X64) 





VoL, VOR 


The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to VIL = VIR and V6L = V6R and negative voltage to V2L = V2R and VSL = V5R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends © 
on power supply voltage Vcc —Vgr. 


Voc | 
pare V1 (Van = VaR) 





Range of Power Supply 
~--~ V6 (Ve, = Ver) Voltage for Liquid Crystal 
Display Drive 
~3.5 7 
<= 
> 
< 
. 2 
~-----=-=-=- V5 (Vet = V5R) 
——— rs V2 (VoL = VaR). 
EE | 8 17 
Veco Vee (V) 
Correlation between Driver Correlation between Power © 
Output Waveform and Power Supply Voltage Voo— Veg and AV 
Supply Voltages for Liquid . , 
Crystal Display Drive 
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Terminal Configuration 


Input Terminal 
Applicable Terminals : | 
Vec CR, M/S, SHL, FCS, DS1, DS2, FS 
PMOS 
NMOS 
VO Terminal Applicable Terminals: DL, DR, CL2, M 


V~ 
i (Input circuit) 











ae ake + Enable 
t i] 
! 3 
' Data 
i ' 
| Output circuit 
Bhs tae oa 1 (tristate) 
Output Terminal 
Veo Applicable Terminals: 1, 02, FRM 
PMOS 
NMOS 
Output Terminal 
Applicable Terminals: 
VIL, VIR X1 to X64 
V6L, V6R 
VSL, V5R 
VaL, V2R 
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AC Characteristics (Vcc = 5 V + 10%, GND = 0 V, Ta = -20 to +75°C) 





In the slave mode (M/S = GND) 


CL2 0.7 Vcc 
(FCS = GND) y 
(Shift clock) oe ie 


tr 


Cla 0.7V 
(FCS = Voc) ic 


(Shift clock) 0.3 Vcc 


DL (SHL = Voc) 
DR (SHL = GND) 
Input data 


DR (SHL = Voc) 
DL (SHL = GND) | 
Output data 





item Symbol Min Typ Max Unit. Note 


CL2 low level width (FCS=GND) twictaa  -ss«450 : : ns 
CL2 high level width (FCS=GND) twicLoH 150 : ‘ ns 
CL2 low level width (FCS=Voc) tWHCL2L 150 - - ns 
CL2 high level width (FCS=Vcc) tWHCL2H 450 ~—sié- - ns 
Data setup time tos 100—i«‘S - ns 
Data hold time | tou 100 - - ns 
Data delay time top - - 200 ns 1 
Output data hold time toHw 10 - - ns 
CL2 rise time tr - - 30 ns 
CL2 fall time te “#8 - 30 ns 





Notes: 1. The following load circuit is connected for specification: 


Output | 
Terminal : | | 


30 pF (Includes jig capacitance) 
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2. Inthe master mode (M/S = Voc, FCS = Voc, Cf = 20 pF, Rf = 47 kQ) 









CL2 0.7Vec twWoLaL ioe. 
03Vec% 4 
tou 
tos 
ins 
DL (SHL = Voc) 
DR (SHL = GND) 
DR (SHL = Voc) 
DL (SHL = GND) 0.3Vec 
tpFRM | tpFRM 
r 0.3Vcc 
| tom 
yr 0.7V 
M jj ° cc 
k 0.3Voc 
tt tr tweiH 
o1 
tweit tpi2 
0.7Vcc 
o2 . 0.5V 
0.3Vce” 
tt twear tr 
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item — Symbol Min Typ 
Data setup time tos 20 — — ps 
Data hold time toH 40 _— — ps 
- Data delay time top 5 ~— ~— Us 
FRM delay time toFRM —2 — 2 ws 
M delay time tom 2 — 2 us 
Ci low level width twoLaL 35 — — us 
Cia high level width twoL2H 35 — —_ us . 
at low level width twe1L 700. —_ — ns 
62 low level width twoor 700 = — ns 
21 high level width twoiH 2100 = = ns 
@2 high level width tWe2H 2100 — — ns 
| 91-22 phase difference to12 700 — — ns 
@2—01 phase difference topes 700 _ — ns 
21, 22 rise time . tr — — 150 ns 
21, 02 fall time tf _ — 150 ns 
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IHOW.LIH 


Voc 
GND 
VEE 


CL 


a 


rf 


D 


SHL 


STB 


-V2L V6L 


ViL} VSL 


Oscillator 


Lyte 


RIGA! 


Rt Ct 


X1 


X2 


64 output terminals 


V2R V6R 


x62 x63 X64 VIR/VSR 


Liquid crystal display | 
driver circuits 


Bidirectional shift : 
“LS — / |" 
(eae ea Lv rnin a eee 


WS 


FS DS1DS2 





Timing generation circuit 


a1 


o2 


rarer gl 
ej — 
ees nies, 


~) 


R 


FCS 


FRM 


WeIsBIg OIG 


£0OcL9dH 
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Block Functions 


Oscillator 


The CR oscillator generates display timing signals and operating clocks for the HD61202. It is required 
when the HD61203 is used with the HD61202. An oscillation resister Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminals R and C. 


| R CR C | °| 
Open os Open 
| Rf Cf 





Figure 1 Oscillator Connection with HD61202 


The oscillator is not required when the HD61203 is used with the HD61830. Then, connect terminal CR to 
the high level and don't connect any lines to terminals R and C (figure 2). 





Figure 2 Oscillator Connection with HD61830 


Timing Generator Circuit 


The timing generator circuit generates display timing and operating clock for the HD61202. This circuit is 
required when the HD61203 is used with the HD61202. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 


Dero): In this case connect the terminals Fs, DS1, and DS2 to high level and M/S to low level (slave 
mode). 


Bidirectional Shift Register 


A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 


bidirectional shift register, which is on the DL side, corresponds to X1 and the highest order bit on the DR 
side corresponds to X64. 
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Liquid Crystal Display Driver Circuit 


The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels V1, V2, V5 and V6 to be transferred to the output terminals (table 1). 


Table 1 Output Levels 





Data from the 
Shift Register M Output Level 
1 1 V2 
0 1 V6 
1 0 V1 
0 0 V5 
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11D61203 Terminal Functions 


Terminal Number of 1/O Connected 


Name Terminals to Function 

Voc 1 | Power Voc—GND: Power supply for internal logic. 

vile | ; supply Voec—Vee: Power supply for driver circuit logic. 
ViL, V2L 8 Power Liquid crystal display driver level power supply. 
as ee supply VIL (VR), V2L (V2R): Selected level 

VSR, VER | VSL (V5R), V6L (V6R): Non-selected level 


Voltages of the level power supplies connected to V1L and 
V1R should be the same. (This applies to the combination 
of V2L & V2R, V5L & V5R and V6L & V6R respectively) 


M/S 1 | Vec orGND Selects master/slave. 
M/S = Voc: Master mode 


When the HD61203 is used with the HD61202, timing 
generation circuit operates to supply display timing signals 
and operation clock to the HD61202. Each of I/O common 
terminals DL, DR, CL2, and M is in the output state. 


M/S = GND: Slave mode 
The timing operation circuit stops operating. The HD61203 
is used in this mode when combined with the HD61830. __ 
Even if combined with the HD61202, this mode is used 
when display timing signals (M, data, CL2, etc.) are 
supplied by another HD61203 in the master mode. 
Terminals M and CL2 are in the input state. 


When SHL is Voc, DL is in the input state and DR is in the 
output state. 


When SHL is GND, DL is in the output state and DR is in 
the input state. 


FCS 1 1. -VecorGND — Selects shift clock phase. 


FCS = Voc: Shift register operates at the rising edge 
of CL2. Select this condition when 
HD61203 is used with HD61202 or when 
MA of the HD61830 connects to CL2 in 
combination with the HD61830. 


FCS = GND: Shift register operates at the fall of CL2. 
Select this condition when CL1 of 
HD61830 connects to CL2 in combination 
with the HD61830. 


FS 1 | VecorGND Selects frequency. 


When the frame frequency is 70 Hz, the oscillation 
frequency should be: 


fose = 430 kHz at FCS = Voc 
fosc = 215 kHz at FCS = GND 


This terminal is active only in the master mode. Connect it 
to Vcc in the slave mode. | 
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HD61203 Terminal Functions (cont) 


Terminal Number of 1/O Connected 


Name Terminals to Function 

DS1,DS2 2 I Vec orGND Selects display duty factor 
Display Duty Factor 1/48 1/64 1/96 1/128 
DS1. GND GND Vcc Voc 
DS2 GND Vcc GND Vcc 


These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 


STB 1 | Vec orGND Input terminal for testing. 
Td 1 Connect to STB Voc. 
cut 1 Connect TH and CL1 to GND. 
CR, R, C 3 Oscillator. 
In the master mode, use these terminals as shown below: 
internal oscillation External clock 
RY a | External 


Open Clock Open 
R CR C R CR C 


In the slave mode, stop the oscillator as shown below: 


Open Voc Open 


R CR Cc 


21,92 2 O HD61202 Operating clock output terminals for the HD61202. 


Master mode: Connect these terminals to terminals o1 
and #2 of the HD61202 respectively. 


Slave mode: Don't connect any lines to these 





| terminals. 
FRM 1 O HD61202 Frame signal. | 
Master mode: Connect this terminal to terminal FRM of 
| the HD61202. 
Slave mode: Don't connect any lines to this terminal. 
M 1 VO MBof Signal to convert LCD driver signal into AC. 
HD61830 Master mode: Output terminal. | 7 
or Mof Connect this terminal to terminal M of the 
HD61202 HD61202. 


Slave mode: Input terminal. 
Connect this terminal to terminal MB of 
the HD61830. | 
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HD61203 Terminal Functions (cont) 


Terminal Number of 1/O Connected 


Name Terminals to Function 
CL2 — 1 VO CL1orMAof Shift clock 
| HD61830 or Master mode: Output terminal 
Clof Connect this terminal to terminal CL of 
HD61202 : the HD61202. 


Slave mode: Input terminal 
| Connect this terminal to terminal CL1 or 
MA of the HD61830. 


DL, DR 2 1/0 OpenorFLM Data I/O terminals of bidirectional shift register. 
of HD61830 py corresponds to X1's side and DR to X64's side. 


Master mode: Output common scanning signal. Don't 
connect any lines to these terminals 
normally. 


Slave mode: Connect terminal FLM of the HD61830 to 
DL (when SHL = Ve) or DR (when SHL = 


GND) | 
M/S Voc GND 
SHL Voc GND —s- Vo GND 


DL ~ Output Output Input Output 
DR Output Output Output Input 


NC 5 Open Not used. 
Don't connect any lines to this terminal. 
SHL 41 I Voc orGND _ Selects shift direction of bidirectional shift register. 
SHL Shift Direction | Common Scanning Direction 
Voc DL— DR X1 > X64 
GND DL< DR X1 < X64 
X1-—X64 64 O Liquid Liquid crystal display driver output. 
elite Output one of the four liquid crystal display driver levels 
V1, V2, V5, and V6 with the combination of the data from 


the shift register and M signal. 


Mofo Le 
Data 1 0 1 0 


Output v2 | ve | v1 | V5 
level | 


When SHL is Voc, X1 corresponds to COM1 and X64 
corresponds to COM64. 


When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. — 
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M/S 
TH 


CL1 
FCS 


FS 


co} Fixed 
| L: GND 
m- NI 

D Dir Cro 6 $2 FRM M 
from MB 

a: = = of 
HD61830 
from MB 
a: ee roar a of 
HD61830 
— from MB 

HHHH—-— — me of 
| HD61830 

LL RERE tod1  to¢2 toFRM  toM 

or H f f 


1) Oo .) 0 
LH Cf cf HD61202 HD61202 HD61202 HD61202 


LL .. Rf Rf to ot to 92 to FRM toM 
mt . Jono HD61202 
LH Cf cf HD61202 HD61202 HD61202 Betas 
from M 
— —_ — ) 
pase HD61203 
No. 1 





"." means "open" 


Rf: Oscillation resister 


Cf: Oscillation capacitor 


Cl2 SHL 


from CL1 
of - 
HD61830 


from MA 
of . 
HD61830 


from MA 


Oo 
HD61830 


to CL 
of 
HD61202 


to CL of 


HD61202 
to CL2 of 
HD61203 


from hae 


re) 
HD61203 
No. 1 


H 


_ of HD61203 of 


DL DR X1—X64 
from FLM 
of —_ COM1—COM64 
HD61830 
from FLM 
— of COM64—COM1 
HD61830 


froomFLM toDL/DR 
of § of HD61203 COM1—COM64 
HD61830 No. 2 


toDLUDR = from FLM 
COM64—COM1 
No. 2 HD61830 | 


from DL/DR 
of HD61203 —_ 
No. 1 


COM65-—COM1 28 


from DL/DR 
— of Ha COM128—-COM65 
0. 


COM1—COM64 


COM64-COM1 


to DL/DR 
_ of HD61203 COM1—COM64 


No. 2 
to DL/DR 

of HD61203 — COM64—COM1 
No. 2 

from DL/DR 

of HD61203 — COM1—COM64 
No. 1 

from DL/DR . 
_— of eee COM64—-COM1 
O.. 


SI] UOWIIUUOD COZI9GH 


uoneoyddy jo ajdwexy 
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Outline of HD61203 System Configuration 


i. Use with HD61830 
a. When display duty ratio of LCD is 1/64 


HD61830 








HD61830 









COM!1 
COM64 
COM1 

COM64 


Upper 








Lower 






One HD61203 drives 
common signals. 


One HD61203 drives 


common signals for — 


upper and lower 
panels. 


Two HD61203s drive 
upper and lower 
panels separately 

to ensure the 

quality of display. 
No. 1 and No. 2 
operate in parallel. 


b. When display duty ratio of LCD is from 1/65 to 1/128 


HD61830 — 





Two HD61203s 
connected serially 


drive common signals. . 


Two HD61203s 
connected serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 


- HD61203s connected 


serially drive upper 
and lower panels in. 
parallel to ensure 
the quality of 
display. 
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Refer to 
Connection list A. 


Refer to 
Connection list A. 


For both of No. 1 
and No. 2, refer to 
Connection list A. 


Refer to Connection 
list B for No. 1. 

Refer to Connection | 
list C for No. 2. 


Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 


Refer to Connection 
list B for No. 1 
and3. 

Refer to Connection 
list C for No. 2 

and 4. 





HD61203 
2. Use with HD61202 (1/64 duty ratio) 


One HD61203 drives 
common signals and 
supplies timing 
signals to the 
HD61202s. 


Refer to 
Connection list D. 


One HD61203 drives 


upper and lower Refer to 

panels and supplies Connection list D. 
timing signals to 

the HD61202s. 


Two HD61203s drive Refer to 








upper and lower Connection list E 
panels in parallel for No. 1. 
to ensure the 
quality of display. Referto 
No. 1 supplies Connection list F 
timing signals to for No. 2. 
No. 2 and the 
HD61202s. 
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Connection Example 1 
Use with HD6i202 (KAM type segment driver) 
a. 1/64 duty ratio (See Connection List D) — 


LCD panel 


> 
3 
a 
. thn 
a 
~ 
os 
2 
sp) 
ro) 
N 
re 
re] 
QO 
< 


R3 =15 Q 





Figure 1 Example 1 | 


Note: The values of R1 and R2 vary with the LCD panel used. 
_ When bias factor is 1/9, the values of R1 and R2 should satisfy 


iM 2 ee. 
4R1+R2~ 9 


For example, 
R1 = 3 kQ, R2 = 15kQ 
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Figure 2 Example 1 Waveform (RAM Type, 1/64 Duty Cycle) 


HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 © 


413 











HD61203 ; . 3 / 


Connection Example 2 


tA an sr. 


S€¢ With HD6i850 (Dispiay coniroiier) 
1/64 duty ratio (See Connection List A) 


LCD panel 


CL2 | HD61830 
DL(DR) 





Display Controller 
DR(DL) (Display ) 


HD61203 ( ) is at SHL = Low 


~ See Connection Example 


SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 





Figure 3 Example 2 (1/64 Duty Ratio) 
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Figure 4 Example 2 Waveform (1/64 Duty Ratio) 
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b. 1/100 duty ratio (See Connection List B, C) 










Voc 
Open 7 Open Vcc 
Voc i aa 
v1 aa eel 
ra Gaal ap 
THN, § rsh 
ce ° 
wi) vs GND @ So 
2 = =! 
3 v2 o wo ae 
c § 3 
8 wo 2 
oO . . -~, 
3) e2ct 
VEE Ee 
ac 
GND— oy ae 
dak 
TTT | 
- SRGREE : 
: | 





HD61830 
Display controller 


HD61203 (Slave) 


No. 2 


F 3 
3° 
ea 
li 
nil 
<= 
7] 
© 
2 





Figure 5 Example 2 (1/100 Duty Ratio) 
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Figure 6 Example 2 Waveform (1/100 Duty Ratio) 
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a D61 330-— 
LCTC (LcD Timing Controller) 


Description Pin Arrangement 


The HD61830 is a dot matrix liquid crystal 
graphic display controller LSI that stores the 
display data sent from an 8-bit microcontrol- — 
ler in the external RAM to generate dot 
matrix liquid crystal driving signals. It has a 
graphic mode in which 1-bit data in the 
external RAM corresponds to the on/off state 
of 1 dot on liquid crystal display and a char- 
acter mode in which characters are displayed 
by storing character codes in the external 
RAM and developing them into the dot pat- 
terns with the internal character generator 
ROM. Both modes can be provided for various 
applications. The HD61830 is produced by the 
CMOS process. Thus, combined with a CMOS 
microcontroller it can complete a liquid crys- 
tal display device with low power dissipation. 


postures | | (Top View) 





@ Dot matrix liquid crystal graphic mepiay 
controller | 
@ Display control capacity 
—Graphic mode: 512k dots (2'* bytes) 
—Character mode: 4096 characters (2! 
characters) 
-@ Internal character generator ROM: 7360 
bits 
—160 types of 5 x 7 dot characters 
—32 types of 5 x 11 dot characters 
Total 192 characters _ 
—Can be extended to 256 characters (4k 
bytes max.) by external ROM 
® Interfaces to 8-bit MPU 
@ Display duty cycle (Can be selected by a 
program) 
—Static to 1/128 duty cycle 
@ Various instruction functions 
—Scroll, Cursor on/off/blink, Character 
blink, Bit manipulation 
Display method: Selectable A or B types 
Internal oscillator (with external resistor 
and capacitor) 
Operating frequency: 1.1 MHz 
Low power dissipation. 
Power supply: Single + 5 V + 10% 
CMOS process 
Package: 60-pin plastic QFP (FP-60) 
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cs 


RS 


R/W 


RES 


DB, 


SYNC CLI MAMBFLM 











Retresh address 
counter (1) 


(RAC,) 
Refresh saes|"® 
counter ( 
(RAC) 


Dot counter 
(DC) 


























Multiplexer 


Data input 
register. 
(DIR) 


































eae Sooner tac) adress 7 
‘5 Dot registers counter (CAC) 
: = Poe 
© | 
o. Y pTisre aes 1 
£ ot Extended ! 
t i] 
£ counter ‘ ' 
O Character 4 ROM ‘ 
> generator L-~~-,---- 
ROM ' 
(CGROM) } 
Cursor } 
Mode signal 5 
control generator RDo— RD, 
. = regis- . 
So. oS _ | ter ontro Multiplexer 
= 5 = < | (mcr) signal 
2D 8 Ao 
et a 
Busy i S = 
flag D1 
(BF) 
Oscillator | 
circuit 
D2 





CL2 Rf CPO * When extended external ROM is used, MAg-MA;, 
are applied to RAM, MA,2—MAj 5 are applied to 


extended external ROM. 
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Block Functions 
Registers 


The HD61830 has the five types of registers: 
instruction register (IR), data input register 
(DIR), data output register (DOR), dot regis- 
ters (DR), and mode control register (MCR). 


The IR is a 4-bit register that stores the 
instruction codes for specifying MCR, DR, a 
start address register, a cursor address regis- 
ter, and so on. The lower order 4 bits DBO to 
DB3 of data buses are written in it. 


The DIR is an 8-bit register used to temporar- 


ily store the data written into the external 
RAM, DR, MCR, and so on. 


The DOR is an 8-bit register used to tempo- 
rarily store the data read from the external 
RAM. Cursor address information is written 
into the cursor address counter (CAC) 
through the DIR. When the memory read 
instruction is set in the IR (latched at the 
falling edge of E signal), the data of external 
RAM is read to DOR by an internal operation. 


The data is transferred to the MPU by reading 


the DOR with the next instruction (the con- 
tents of DOR are output to the data bus eo 
E is at the high level). 


The DR are registers used to store dot infor- 
mation such as character pitches and the 
number of vertical dots, and so on. The 
information sent from the MPU is written into 
the DR via the DIR. 


The MCR is a 6-bit register used to store the 
data which specifies states of display such as 
display on/off and cursor on/off/blink. The 
information sent from the MPU is written in it 
via the DIR. 


Busy flag (BF) 


The busy flag = 
performing an internal operation. Instruc- 
tions cannot be accepted. As shown in Con- 
trol Instruction, read busy flag, the busy flag 
is output on DB7 under the conditions of RS = 
1, R/W = 1, and E = 1. Make sure the busy flag 
is O before writing the next instruction. 


Dot Counters (DC) 
The dot counters are counters that generate 


liquid crystal display timing according to the 
contents of DR. 


1 indicates the HD61830 is — 


Refresh Address Counters (RAC1/RAC2) 


The refresh address counters, RAC1 and 
RAC2, control the addresses of external RAM, 
character generator ROM (CGROM), and 
extended external ROM. The RAC1 is used for 
the upper half of the screen and the RAC2 for 
the lower half. In the graphic mode, 16-bit 
data is output and used as the address signal 


_ of external RAM. In the character mode, the 


high order 4 bits (MA12—MA15) are ignored. 
The 4 bits of line address counter are output 
instead and used as the address of extended 
ROM. 


Character Generator ROM 


The character generator ROM has 7360 bits in 
total and stores 192 types of character data. A 
character code (8 bits) from the external RAM 
and a line code (4 bits) from the line address 
counter are applied to its address signals, and 
it outputs 5-bit dot data. 


The character font is 5 X 7 (160 characters) or 
5x 11 (32 characters). The use of extended 
ROM allows 8 xX 16 (256 characters max.) to 
be used. 

Cursor Address Counter 


The cursor address counter is a 16-bit counter 


' that can be preset by instruction. It holds an 


address when the data of external RAM is 
read or written (when display dot data or a 
character code is read or written). The value 
of the cursor address counter is automatically 
increased by 1 after the display data is read or 
written and after the set/clear bit instruction 
is executed. 


_Cursor Signal Generator 


The cursor can be displayed by instruction in 
character mode. The cursor is automatically 
generated on the display specified by the 
cursor address and cursor position: 


Parallel/Serial Conversion 


The parallel data sent from the external RAM, 
character generator ROM, or extended ROM 
is converted into serial data by two parallel/ 
serial conversion circuits and transferred to 
the liquid crystal driver circuits for upper 
screen and lower screen simultaneously. 
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Terminal Functions 


DBO-DB7 


cs 
R/W 


RS 


CR, R, C 
RES 
MAO—MA15 


MDO—MD7 
RDO-RD7_ 
WE 
CL2 

CLI 

FLM 
MA 

MB 

D1, D2 


CPO 
SYNC 


“ Hitachi America, Ltd. * Hitachi Plaza * 2000 Si 


Function 


Data bus: Three-state 1/O common terminal 
Data is transferred to MPU through DBO to DB7 


Chip select: Selected state with CS = O 


Read/Write: R/W = 1: MPU — HD61830 
| R/W = 0: MPU — HD61830 


Register select: RS = 1: Instruction register 
RS = O: Data register 


Enable: Data is written at the fall of E 
Data can be read while E is 1 


CR oscillator 
Reset: Reset = O results in display off, slave mode and Hp = 6 


External RAM address output 


In character mode, the line code for external CG is output through MA12 to MA15 


(O: Character 1st line, F: Character 16th line) 

Display data bus: Three-state |/O common terminal. 

ROM data input: Dot data from external character generator is input 
Write enable: Write signal for external RAM 

Display data shift clock for LCD drivers 

Display data latch signal for LCD drivers 

Frame signal for display synchronization 

Signal for converting liquid crystal driving signal into AC, A type 
Signal for converting liquid crystal driving signal into AC, B type 


Display data serial output 
D1: For upper half of screen 
D2: For lower half of screen 


Clock signal for HD61830 in slave mode 


Synchronous signal for parallel operation 
Three-state |/O common terminal (with pull-up MOS) 


Master: Synchronous signal is output 
Slave: Synchronous signal is input 
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Absolute Maximum Ratings 


item 

Supply voltage 
Terminal voltage 
Operating temperature 


Storage temperature 


Symbol Value | ‘Unit Note 


Vec 3 - 0.3 to + 0.7 Vv 1,2 
Vr — 0.3 to Vec + 0.3 Vv 1,2 
iS ~ 20 to + 75 “6 | 
Tstg -— 55 to + 125 | Cc 





Notes: 1. All voltages are referenced to GND = OV. 

—_ 2. If LSls are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend that you use the LSIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 
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Electrical Characteristics 








(Vcc = 5V+5%, GND = OV, T. = — 20 to +75°C) 
‘Item Symbol Min Typ Max Unit Test Condition Note 
input high voltage (TTL) Vin 2.2 — Vec V 1 
Input low voltage (TTL) Vit 0 _ 0.8 V 2 
Input high voltage Vinr 3.0 = Vec V 3 
Input high voltage (CMOS) Vic 0.7 Vcc ae Vec V 4 
Input low voltage (CMOS) Vitc - 0 = 0.3Vcc V 4 
Output high voltage (TTL) Vou 2.4 — Vec V —-lon = 0.6 mA 5 
Output low voltage (TTL) VoL 0) — 0.4 V lo. = 1.6 mA 5 
Output high voltage (CMOS) = Vonc Vec — 0.4 — Vec V | —lon = 0.6 mA 6 
Output low voltage (CMOS) Votc 0) — 0.4 V lo. = 0.6 mA 6 
Input leakage current lin = 5 = 5 uA Vin = O-Vec 7 
Three-state leakage current ITSL - 10 Sa 10 uA Vout = 0-Vec 8 
Power dissipation (1) Pw — 10 15 mW CR oscillation 9 
: 7 fosc = 500 kHz 
| Power dissipation (2) Pw2 = 20 30 mW External clock 9 
fop = 1 MHz 
Internal clock operation 
Clock oscillation frequency foo 400 500 600 kHz Cf=15pF+5% 10 
| Rf = 39 kN + 2% 
External clock operation 
External clock operating fp 100 500 1100 kHz 1 
frequency 
External clock duty Duty 47.5 50 52.5 % 11 
External clock rise time . tes — = 0.05 “Ss 11 
External clock fall time ttep = mr 0.05 “Ss 11 
Pull-up current lpL 2 10 20 uA Vin = GND 12 


‘Note: The I/O terminals have the following configuration: 
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Input Terminal Output Terminal | 


Applicabie terminai: CS, E, RS, R/W, RES, CR Applicable terminal: CL1, CL2, MA, MB, FLM, 


(Without pull-up MOS) CPO, D1, D2, WE, OE, CE, MAQ—-MA15 


= 





Applicable terminal: RDO—RD7 (With pull-up 
MOS) 


(Pull-up MOS) 
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I/O Common Terminal 
Applicable terminal: DBO—DB7, SYNC (with 


pull-up MOS), MDO-—MD7 (without pull-up 
MOS) 


(Pull-up MOS) 


— Enable 


! 
| 
I 
Sota | 
(Input circuit) ! 
| 
| 
l 


(Output circuit) 
(Three state) 





a 


Notes: 1. Applied to input terminals and 1/O common terminals, except terminals SYNC, CR, and 
RES. | 

. Applied to input terminals and |/O common terminals, except terminals SYNC and CR. 

. Applied to terminal RES. 

. Applied to terminals SYNC and CR. _ | 

. Applied to terminals DBO—DB7, WE, MAO—MA15, and MDO—MD7. 

. Applied to terminals SYNC, CPO, FLM, CL1, CL2, D1, D2, MA, and MB. 

. Applied to input terminals. 

. Applied to |1/O common terminals. However, the current which flows into the output drive 
MOS is excluded. 

. The current which flows into the input and output circuits is excluded. When the input of 
CMOS is in the intermediate level, current flows through the input circuit, resulting in the 
increase of power supply current. To avoid this, input must be fixed at high or low. 





© AONOCOABWHNH 


The relationship between the operating fre- 
quency and the power dissipation is given 
below. 


1000 1250 1500 
fosc(kHz) 
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10. Applied to the operation of the internal oscillator when oscillation + resistor rite and oscillation 
Capacity Cr are used. 


Cr= 15pF+ 5% 

Re = 39kQN+2% 

(when fosc = 
500 kHz typ) 





_ The relationship among oscillation frequency, 
R; and C; is given below. 


fosc (kHz) Ta=25°C Vec= 5V 





11. Applied to external clock operation. 





Th 
Duty cycle = heh —=—=- X 100% 


Trop ttcp 


12. Applied to SYNC, DBO—DB7, and RDO—RD7. 
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Timing Characteristics 
MPU Interface 


Item Symbol Min Typ Max Unit 
Enable cycle time tcyc 14.0 ag = “us 
Enable pulse width —_High level tWEH 0.45 — = us 
Low level tWEL 0.45 _— = yuS 
Enable rise time ter me = | 25 ns 
Enable fall time ter ae = 25 ns 
Setup time tas . 140 aan = ns 
Data setup time tosw 225 Sage = — ns 
Data delay time ‘Note topr — — 225 ns 
Data hold time | ae 10 Be ac ns 
Address hold time taH 10 act om: ns 
Data hold time tou 20 = aes ns 


Note: The following load circuit is connected for specification: 


Vec 


Test 

point 
Rp = 2.4kQ 
R =11kQ 
C = 130pF 


Diodes D, to D4 : 1S2074@ 
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teyc 
. twen —— twet 
| 2.2V a 
E 
: 0.8V , 
| ter ter | 
tas-* tau 
wn | 2.2V 

CS, R/W, RS © 4 | Dp 

0.8V | 

DBo-DB7 . 2.2V 
tox 


topr 


DBo—DBy - 2.4V 
(MPU-HD61830) | Way | 
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External RAM and ROM Interface 


item Symbol Min Typ Max Unit 
SYNC delay time / - tpsy _— — 200 ns 
SYNC pulse width High level — twsy 900 = = ns 
CPO cycle time tccpo 900 = = ns 
CPO pulse width High level eae 450 — = ns 
Low level SuceoL 450 — = ns 
MAO to MA15 refresh delay time , toMAR = = 200 ns 
MAO to MA15 write address delay time tomaw a = 200 ns 
MDO to MD7 write data delay time tompw ait = 200 ns 
MDO to MD7, RDO to RD7 setup time tsmp 900 = = | ns 
Memory address setup time | tsmaw 250 os = ns 
Memory data setup time 7 tsmpw 250 oe ~ ns 
WE delay time towE = — 200 ns 
WE pulse width (low level) tWWE 450 — ae ns 


1 
> Vec 


tosy twsy 





Notes: 1. No load is applied to all the output terminals. 
2. “*” indicates the delay time of RAM and ROM. 
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LCD Driver Interface _ 


item Symbol = Min. _ ‘Typ Mex —Unit 
Clock pulse width (high level) wee 450 - = ns 
Clock delay time toci2 = = 200 ns 
Clock cycle time | twee 900 _ -—- ns 
Clock pulse width —_ High level Wee 450 - s ns 
Low level twcL ~ 450 _ = ns 
MA, MB delay time tmp ad = 300 ns 
FLM delay time tor = = 300 ns 
Data delay time . | too =F = 200 ns 
Data setup time | tsp ~ 250 — — ns 


Note: No load is applied to all the output terminals (MA, MB, FLM, D1, and D2). 


= 
re) 
B 


iF 


ES 


No|— 
~ 
(o) 


F 
& 
oO 
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Display Control Instructions 


Display is controlled by writing data into the 
instruction register and 13 data registers. The 
RS signal distinguishes the instruction regis- 
ter from the data registers. 8-bit data is 
written into the instruction register with RS 
= 1, and the data register code is specified. 
After that, the 8-bit data is written in the 
data register and the specified instruction is 
executed with RS = 0. 





DBO Cursor/blink 


Cursor off 

Cursor on 

Cursor off, character blink 
Cursor blink 

Cursor off 

Cursor on 

Cursor off, character blink 


Cursor blink 


Graphic/character 


mode 
Ext. /Int. CG 


Display on/off 
oe 


1: Master mode 
O: Slave mode 


— 1: Display on 
QO: Display off 


feomer [RW] A | 087 | bo6 | oe | ope [bos | oaz [om | boo 
Inewwcwons «df | 1 fe] e}oje,efejo|o 


7 External CG internal CG 


HD61830 


During the execution of the instruction, no 
new instruction can be accepted. Since the 
busy flag is set during this, read the busy flag 
and make sure it is O before writing the next 
instruction. 


1. Mode control 

Code $00” (hexadecimal) written into the 
instruction register specifies the mode con- 
trol register. 





Mode data 





Graphic/character 
display 


Character display 
(Character mode) 





Graphic mode 
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2. Set character pitch 2 | 

Vp indicates the number of vertical dots per 
character. The space between the verticaiiy- 
displayed characters is included in the 
determination. This value is meaningful only 
during character display (in the character 
mode) and becomes invalid in the graphic 
- mode. 
fremecton ea | 0 


Character pitch reg. LO 0.) 










[as [287 [ 088 | 985 [004 [08a | a2 [at [ooo 


(Vp — 1) binary _ 






Hp indicates the number of horizontal dots © 
per character in display, including the space 
between horizontaily-dispiayed characters. 
In the graphic mode, the Hp indicates the 
number of bits of 1-byte display data to be 
displayed. 


There are three Hp values (table 1). 












(Hp — 1) binary 





Table 1 Hy, Values 


Hp DB2 DB1 DBO 

6 1 0 1 6 
7 1 1 0 7 
8 1 1 1 8 


Horizontal character pitch 
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3. Set number of characters 

Hn indicates the number of horizontal char- 
acters in the character mode or the number of 
horizontal bytes in the graphic mode. If the 
total sum of horizontal dots on the screen is 
taken as n, 


n= Hp X< Hn 


Hw can be set to an even number from 2 to 
128 (decimal). 





_ 4. Set number of time divisions (inverse 
of display duty ratio) 
Nx indicates the number of time divisions in 





Number-of-time-divisions 
reg. 


5. Set cursor position 

Cp indicates the position in a character 
where the cursor is displayed in the character 
mode. For example, in 5 xX 7 dot font, the 
cursor is displayed under a character by 
specifying Cp = 8 (decimal). The cursor hori- 
zontal length is equal to the horizontal char- 
acter pitch Hp. A value of 1 to 16 (decimal) 


fom dW 










6. Set display start low order address 


Cause display start addresses to be written in 
the display start address registers. The dis- 
play start address indicates a RAM address at 
which the data displayed at the top left end 
on the screen is stored. In the graphic mode, 


= 








Register 


Instruction reg. 





Display start address reg. 
(low order byte) 


fesser | AW] A [087 | 666 | 086 | boa | ona | oe2 | ost | ono. 
frenesnvs. fof + fejfejejlejejej+ {1 


[oer [388 
Inonevons dO | | 


DB6 
a a 


[as] bar [686 [oes | obs | b85 | os2 | 08 | O80 


multiplex display. 


_ 1/Nx is the display duty ratio. 


A value of 1 to 128 (decimal) can be set to Nx. 






(Nx — 1) binary 







can be set to Cp. If a smaller value than the 
vertical character pitch Vp is set (Cp S Vp), 
and a character overlaps with the cursor, the 
cursor has higher priority of display (at cursor 
display on). If Cp is greater than Vp, no cursor 
is displayed. The cursor horizontal length is 
equal to Hp. 







refefe{: tele 


(Cp = 1) binary 






the start address is composed of high/low 
order 16 bits. In the character display, it is 
composed of the lower 4 bits of high order 
address (DB3—DBo) and 8 bits of low order 
address. The upper 4 bits of high order 
address are ignored. 






(Start low order address) binary 
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Set display start high order address 


[=o et ee 
NSEGiIStSi 


Instruction reg. Oe | 


Display start address reg. 
(high order byte) 


7. Set cursor address (low order) (RAM 
write low order address) 


m AAI 
n/vv 








Cause cursor addresses to be written in the 
cursor address counters. The cursor address 
indicates and address for sending or receiv- 
ing display data and character codes to or 
from the RAM. 


That is, data at the address specified by the 
cursor address are read/written. In the char- 
acter mode, the cursor is displayed at the 
character specified by the cursor address. 


A cursor address consists of the low-order 





me An? Ane AM 
No Vos WoU VDoU 


(Start high order address 










) binary 


address (8 bits) and the high-order address (8 
bits). Satisfy the following requirements set- 
ting the cursor address (table 2). 


The cursor address counter is a 16-bit up- 
counter with set and reset functions. When 
bit N changes from 1 to 0, bit N + 1 is in- 
clemented by 1. When setting the low order 
address, the LSB (bit 1) of the. high order 
address is inclemented by 1 if the MSB (bit 8) 
of the low order address changes from 1 to 0. 
Therefore, set both the low order address and 
the high order address as shown in the table 


(Cursor high order address) binary 





Table 2 Cursor Address Setting 


Condition 


When you want to rewrite (set) both the low order 


address and the high order address. 


Requirement 


Set the low order address and then set the high 


order address. ; 





When you want to rewrite only the low order 


address. 


When you want to rewrite only the high order 


address. 


Don't fail to set the high order address again after 
setting the low order address. 


Set the high order address. You don’t have to set 
the low order address again. . 


| | HITACHI | | 
434 — Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300 





8. Write display data 

After the code $“OC” is written into the 
instruction register with RS = 1, 8-bit data 
with RS = 0 should be written into the data 


HD61830 


register. This data is transferred to the RAM 
specified by the cursor address as display 
data or character code. The cursor address is 
increased by 1 after this operation. 





RAM 


9. Read display data 

Data can be read from the RAM with RS = 0 
after writing code $“OD” into the instruction 
register. Figure 1 shows the read procedure. 


This instruction outputs the contents of data 


output register on the data bus (DBO to DB7) — 


feomer «dR 
fo 


DB 1B F~{OAS{N FB {08} NuF~] 8B F00} * FL BN BT 


Busy {Cursor | Cursor 
check | address} high 
‘| set order 
mode 


Cursor | Cursor 

address | !ow 

set order 

mode jaddress 
write 


Busy 
check 


write 


Cursor . 
address 


Data 
output 
register 





address 


and then transfers RAM data specified by the 
cursor address to the data output register, 
also increasing the cursor address by 1. After 
setting the cursor address, correct data is not 
output at the first read but at the second one. 
Thus, make one dummy read when reading: 
data after setting the cursor address. 





Busy 
check . 


Data 
read 
mode 


Dummy | Busy ]N Busy [N+1 

read check jaddress] check | address 
data data 
read read 


| Naddress data] ir,! dress | N+2-- 


Figure 1 Read Procedure 


HITACHI 





Hitachi America, Ltd. Hitachi Plaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 435 





HD61830 


10. Clear bit 


The cilear/set bit instruction sets i bit in a 
byte of display data RAM to O or 1, respec- 
tively. The position of the bit in a byte is 
specified by Ng and RAM address is specified 







Instruction reg. 


Bit clear reg. 


| RS 
ee 
Pet 8 
Set bit 


Ri 
Instruction reg es 


Bit set reg 





11. Read busy flag 

When the read mode is set with RS = 1, the 
busy flag is output to DB7. The busy flag is set 
to 1 during the execution of any of the other 
instructions. After the execution, it is set to 0. 
The next instruction can be accepted. No 
instruction can be acceped when busy flag = 
1. Before executing an instruction or writing 
data, perform a busy flag check to make sure 





oa7 [686 | 85 [084 [009 | 082 | 681 | 680 


by cursor address. After the execution of the 
instruction, the cursor address is automati- 
cally increased by 1. Ng is a value from 1 to 8. 
Ng = 1 and Neg = 8 indicates LSB and MSB, 
respectively. =. | 


DBO 


ary 


in 





_ the busy flag is 0. When data is written in the | 


register (RS = 1), no busy flag changes. Thus, 
no busy flag check is required just after the 
write operation into the instruction register 


with RS = 1. 


The busy flag can be read without specifying 
any instruction register. . 
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HN (digit) 
Symbol Name Meaning Value 
H- Horizontal character pitch Horizontal character pitch 6 to 8 dots 
Hn | Number of horizontal Number of horizountal characters per line (number 2 to 128 digits 
characters of digits) in the character mode or number of bytes (an even num- 
per line in the graphic mode. ber) 
Vp ~ Vertical character pitch Vertical character pitch 1 to 16 dots 
Cp Cursor position Line number on which the cursor can be. displayed 1 to 16 lines 
Nx Number of time divisions Inverse of display duty ratio 1 to 128 lines _ 


Note: lf the number of vertical dots on the screen is m, and the number of horizontal dots is n, 
| 1/m = 1/Nx = display duty ratio | 


n = Hp X Hn, m/Vp =Number of display lines 
Co = Vp 


Figure 2 Display Variables | 
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Display Mode | | , ; 
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Internal Character Generator Patterns and Character Codes 
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Application 2 (Graphic Mode) 
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Configuration Examples 


Graphic Mode 


, ‘ Liquid crystal 
4 oa est display module 





Parallel Operation 


(Master) 


, Liquid crystal Liquid crystal - 
wee {i HD61830(1) |, display module(1)| display module (2) 


CS |crolSYNCf | Driving both of two 
' module by same 
) common signal 
CR SYNC | | 
Use HD61830(2) a 


cS (Slave) 
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HD61830B 
LCTC (LCD Timing Controller) 


Description Pin Arrangement 


The HD61830B is a dot matrix liquid crystal 
graphic display controller LSI that stores the 
display data sent from an 8-bit microcontrol- 
ler in the external RAM to generate dot 
matrix liquid crystal driving signals. 


It has a graphic mode in which 1-bit data in 
the external RAM’ corresponds to the on/off 
state of 1 dot on liquid crystal display and a 
character mode in which characters are dis- 
played by storing character codes in the 
external RAM and developing them into the 
dot patterns with the internal character 
generator ROM. Both modes can be provided 
for various applications. 


26 Sale 


wn 

< n 
oalsiee 
calwl mi 


a 
SS 
=m 


2a 
rn 


The HD61830B is produced by the CMOS 
process. Thus, combined with a CMOS mi- 
crocontroller it can complete a liquid crystal 
display device with lower power dissipation. 


(Top View) 


(FP-60) 





Features 


@® Dot matrix liquid crystal graphic display 
controller | 
@ Display control capacity 
—Graphic mode: 512k dots (2!° bytes) 
—Character mode: 4096 characters (2/2 
characters) 
@ Internal character generator ROM: 7360 
bits 
—160 types of 5 < 7 dot characters 
—32 types of 5 x 11 dot characters 
Total 192 characters 
—Can be extended to 256 characters (4k 
bytes max.) by external ROM 
@ Interfaces to 8-bit MPU 
@ Display duty cycle (Can be selected by a 
program) . 
Static to 1/128 duty cycle 
Various instruction functions 
—Scroll, Cursor on/off/blink, Character 
blink, Bit manipulation 
Display method: Selectable A or B types 
Operating frequency: 2.4 MHz 
Low power dissipation 
Power supply: Single +5 V + 10% 
CMOS process 
Package: 60-pin plastic OFP (FP-60) 
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{| Dot counter. ih 
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Data input 
Multiplexer 
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ae € eas Character a ROM 5 
re) generator Sahoo 
= ROM { 
Cursor (CGROM) | 
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Instruction 
register 


(iR) 


Parallel/ 
















serial 
_(BF) converter 
Oscillator 
circuit Paral el/ 
serial Do 
converter 


Clo CR 


* When extended external ROM is used, MAg—MA,, are 
applied to RAM, MA;2—MA\;z5 are applied to extended 
external ROM. 
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Block Functions 
Registers 


The HD61830B has the five types of registers: 
instruction register (IR), data input register 


(DIR), data output register (DOR), dot regis-: — 


ters (DR), and mode control register (MCR). 


The IR is a 4-bit register that stores the 
instruction codes for specifying MCR, DR, a 
start address register, a cursor address regis- 
ter, and so on. The lower order 4 bits DBO to 
DB3 of data buses are written in it. 


The DIR is an 8-bit register used to temporar- 
ily store the data written into the external 
RAM, DR, MCR, and so on. 


The DOR is an 8-bit register used to tempo- 
rarily store the data read from the external 
RAM. Cursor address information is written 
into the cursor address counter (CAC) 
through the DIR. When the memory read 
instruction is set in the IR (latched at the 
falling edge of E segnal), the data of external 
RAM is read to DOR by an internal operation. 
The data is transferred to the MPU by reading 
the DOR with the next instruction (the con- 
tents of DOR are output to the data bus when 
E is at the High level). : 


The DR are registers used to store dot infor- 
mation such as character pitches and the 
number of vertical dots and so on. The infor- 
mation sent from the MPU is written into the 
DR via the DIR. 


The MCR is a 6-bit register used to store the 
data which specifies states of display such as 


display on/off and cursor on/off/blink. The. 


information sent from the MPU i is written in it 
via the DIR. 


Busy Flag (BF) 
The busy flag = 1 indicates the HD61830B is 


performing an internal operation.: Instruc- 
tions cannot be accepted. As shown in Con- 


trol Instruction, read busy flag, the busy flag. 


is output on DB7 under the conditions of RS = 
1, R/W = 1, and E = 1. Make sure the busy 
flag is O before writing the next instruction. 


Dot Counters (DC) 
The dot counters are counters that generate 


liquid crystal display timing according to the 
contents of DR. 


Refresh Address Counters (RAC1/RAC2) 


The refresh address counters RAC1 and RAC2 
control the addresses of external RAM, char- 
acter generator ROM (CGROM), and 
extended external ROM. The RAC1 is used for 
upper half of the screen and the RAC2 for the 
lower half. In the graphic mode, 16-bit data 
is output and used as the address signal of 


external RAM. In the character mode, the 


high order 4 bits (MA12—MA\15) are ignored. 
The 4 bits of line address counter are output 
instead and used as the address of extended 
ROM. 


Character Generator ROM 


The character generator ROM has 7360 bits in 
total and stores 192 types of character data. A 
character code (8 bits) from the external RAM 
and a line code (4 bits) from the line address 
counter are applied to its address signals, and 
it outputs 5-bit dot data. 


The charater font is 5 < 7 (160 characters) or 
5 X 11 (32 characters). The use of extended 
ROM allows 8 X 16 (256 characters max.) to 
be used. 


Cursor Address Counter 


The cursor address counter is a 16-bit counter 
that can be preset by instruction. It holds an 
address when the data of external RAM is 
read or written (when display dot data or a 
character code is read or written). The value 
of the cursor address counter is automatically 
increased by 1 after the display data is read or 
written and after the set/clear bit instruction 
is executed. 


Cursor Signal Generator 


The cursor can be displayed by instruction in 
character mode. The cursor is automatically 
generated on the display specified by the 
cursor address and cursor position. 


Parallel/Serial Gonvetwion 


The parallel data sent from the external RAM, 
character generator ROM, or extended ROM 
is converted into serial data by two parallel/ 
serial conversion circuits and transferred to 
the liquid crystal driver circuits for upper 
screen and lower screen simultaneously. 
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Terminal Functions 





Name Function © 
DBO-DB7 Data bus: Three-state |/O common terminal 
Data is transferred to MPU through DBO to DB7. 
cs Chip select: Selected state with CS = 0 
R/W Read/Write: R/W = 1: MPU — HD61830B 
R/W = 0: MPU ~ HD61830B 
RS Register select: RS = 1: Instruction register 
| RS = 0: Data register 
E Enable: Data is written at the fall of E 
Data can be read while E is 1 
CR External clock input 
RES Reset: RES = O results in display off, slave mode and Hp = 6 
MAO—-MA15 External RAM address output 
In character mode, the lane code for external CG is output 
through MA12 to MA15 (O: Character 1st line, 
F: Character 16th line) 
MDO-MD7 Display data bus: Three-state |/O common terminal 
| RDO-—-RD7 ROM data input: Dot data from external character generator is input 
WE Write enable: Write signal for external RAM 
CL2 Display data shift clock for LCD drivers 
CLI Display data latch signal for LCD drivers - 
FLM Frame signal for display synchronization 
MA Signal for converting liquid crystal driving signal into AC, A type 
MB Signal for converting liquid crystal driving signal into AC, B type 
D1, D2 Display data serial output | 
D1: For upper half of screen 
D2: For lower half of screen » 
SYNC Synchronous signal for parallel operation 
Three-state 1/0 common terminal (with pull-up Mos) 
Master: Synchronous signal is output 
Slave: Synchronous signal is input 
CE Chip enable | 
- CE = 0: Chip enables make external RAM in active 
OE Output enable 
- OE = 1: Output enable informs external RAM that HD61830B requires data bus 
NC 


Unused terminal. Don’t connect any wires to this terminal 
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Absolute Maximum Ratings 





Item Symbol Value 3 Unit Note 
Supply voltage Vec —-0.3to + 0.7 V 1,2 

Terminal voltage Vr — 0.3 to Vec + 0.3 V 1:2 

Operating temperature Topr - = 20to + 75 ‘Cc 

Storage temperature Tstg — 55 to + 125 C 


Notes: 1. All voltage is referred to GND = OV. 
2. If LSls are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend that you use the LSlIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause maifunction and poor reliability. 


Electrical Characteristics 





Item Symbol Min : Typ Max Unit Test Condition Note 
Input high voltage. (TTL) Vin: 2.2 = Vec V 1 
Input low voltage (TTL) | Vit 0 — 0.8 V 2 
Input high voltage VinR 3.0 = Vec Vv. 3 - 
Input high voltage (CMOS) Vine 0.7 Vcc ama Vec V 4 7 
Input low voltage (CMOS) Vic 0 = 0.3Vcc V 4 
Output high voltage (TTL) Wen 2.4 a AE Vv lon = 0.6 mA 5 
Output low voltage (TTL) VoL 0 —- 0.4 V lr =1.6mA = 5 
Output high voltage (CMOS) — Vonic Vec-0.4—- Vee Vv — lon = 0.6mA 6 
Output low voltage (CMOS) —-Voic 0 —~— 04 #V ty =0.6mA 6 
Input leakage current lin =5 am 5 uA Vin = O-Vec 7 
Three-state leakage current lst - 10 = 10 uA Vout = O-Vec 8 
Pull-up current ; | IPL 2 10 20 HA Vin = GND 9 
Power dissipation Pw = =e 50 mW External clock 10 | 

fop = 2.4 MHz 


Notes: 1. Applied to input terminals and I/O common terminals, except terminals SYNC, CR, and 
RES. 

. Applied to input terminals and !/O common terminals, except terminals SYNC and CR. 

. Applied to terminal RES. 

. Applied to terminals SYNC and CR. 

. Applied to terminals DBO—DB7, WE, MAO—MA15, OE, CE, and MDO—MD7. 

. Applied to terminals SYNC, FLM, CL1, CL2, D1, D2, MA, and MB. 

. Applied to input terminals. 

. Applied to 1/0 common terminals. However, the current which flows into the output drive 
MOS is excluded. 

. Applied to SYNC, DBO—DB7, and RDO—RD7. 

. The current which flows into the input and output circuits is excluded. When the input of 
CMOS is in the intermediate level, current flows through the input circuit, resulting in the 
increase of power supply current. To avoid this, input must be fixed at high or low. 
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- Input Terminal 


| Applicable terminal: CS, E, RS, R/W, RES, CR Applicable terminal: RDO—RD7 7 (With pull-up 
(Without pull-up MOS) MOS) 


Vec | Vec Vec 
PMOS PMOS 
~ (Pull-up MOS) 
NMOS NMOS 


Output Terminal 





Applicable terminal: CL1, CL2, MA, MB, FLM, 


D1, D2, WE, OE, CE, MAO—MA15 


PMOS 


NMOS 


I/O Common Terminal 


Applicable terminal: DBO—-DB7, SYNC, MDO— 
MD7 (MDO—MD7 have no pull-up MOS) 







(Pull-up MOS) | st | + 4 . 
f*-—— Enable 


| — Data 
(Input circuit) 


(Output circuit) 
(Three state) 
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Clock Operation 


item | Symbol Min Typ Max Unit Note 
External clock operating fop 100 = 2400 kHz 1 

_ frequency 
External clock duty Duty 47.5 50 52.5 % 1. 
External clock rise time trep me aa 25.0 ns 1 
External clock fall time trop = = 25.0 ns 1 
SYNC output hold time tusyo .—S-—sa320 — — ns 2,3 
SYNC output delay time tosy — ae 210 ns 2,3 
SYNC input hold time — tusyt 10 — — ns 2 
SYNC input set-up time tssy _ — — 180 ns 2 


Notes: 1. Applied to external clock input terminal. 


Th T 










0.5Vcc 
0.3Vec- 
Oscillator 
Duty cycle = ies xX 100% 
trop tep T,+7; 


CR 


SYNC 


(Output: 
at master mode) 


SYNC 
(Input: at slave mode) 
3. Testing load circuit. 


Test 
ee 1 C. = 30pF 


C, 
al (C, includes jig capacitance) 
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MPU Interface 





Note: The following load circuit is connected for specification: 


450 


tevc 





| 


2) 


iz 
TS 


pa oe 


ist 

| ‘i 2V 
S,R/W, RS 

to, 8V 


DBo-—DB7 


7? a 
(MPU-HD61830B) m 0.8V 


DBy- DB, q 2: A4V 
(MPU<-HD61830B) Ko. 4V 


E 2. if 
0.8V 


Vec 


Test 
point 

Ri = 2.4kQ 

R =11kQ 

C = 130 pF (C includes jig capacitance) 
_ Diodes D, to D4: 1$2074@ 
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item | Symbol Min  # ‘Typ Max Unit 
Enable cycle time | tcyc 1.0 = | = uS 
Enable pulse width High level - ~tweH 0.45 — — us 
Low level — tweL 0.45 = a “Ss 
Enable rise time | te, | _ a 25 ns 
Enable fall time tes _ — 25 ns 
Setup time : tas 140 — — ns 
Data setup time tpsw 225 — _ ns 
‘Data delay time topr ao — 225 ns (Note) 
Data hold time toHw 10 re = ns 
Address hold time taH 10 _ _ ns 
Data hold time | : toH 20 = = ns 
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External RAM and ROM Interface 


Item | Symbol Min Typ . Max Unit Note 
MAO—MA15 delay time toma ca = 300 ns 123 
MAO—MA15 hold time  tHMaA 40 = = ns 1,2, 3 
CE aay time toce _ = 300 ns 1,2,3 
CE hold time tHce 40 _ “2 ns 1,2,3 
OE delay time tooE —- = 300 ns 5 a 
OE hold time toe 40 _ — ns i 
MD output delay time tomo a = 150 ns pe! 
MD output hold time | tumpw 10 = = ns 1,3 
WE delay time towe ~ — 150 ns 1,3 
WE clock pules width twwe 150 — — on 1,3 
MD output high impedance  tzmor 10 = = ns 1,3 
time (1) | 

MD output high impedance tzmpR 50 ca = ns 1,3 
time (2) 

RD data set-up time tsrp ~ 50 = ae ns 2 

RD data hold time turD | 40 = = ns 2 

MD data set-up time tsmp 50 = = ns 2 

MD data hold time tump 40 = = ns 2 


Notes: 1. RAM write timing 








Ty To 
0.7Vec 
Pd Ll Woke 
: in tHce 
CE I 0.6V 
toma toma 
tuMa ra er tuma 


MAo-MAss CD ae | GEM 
ae 


! 
ances 32.4V 
OE hO.6V 
towe 
pena tzmpR 2.4V 
WE a 4} 0.6. V 6V 
tomo tzmpF 
MD —MD, (High impedance) 2.4V¥-Valid TY2.4V 
(Output) | 0.6V4 -F 0.6V 
a 


T1: Memory data refresh timing for upper screen 
T2: Memory data refresh timing for lower screen 
T3: Memory read/write timing 
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Notes: 2. ROM/RAM read timing 


CR 









toma 


7 fe 

— 2.2V -Address for 
ore Sern El 
tsup | 


MDo-MD, 22NN 


+ Data for 7 
fea ae Data for the upper screen M the lower y (*4) 
(Input) 0.8V# | Ah screen , 
marae iam 
turp turp 
2.2VF | 

RDo— RD; ‘ Data for the upper screen v Date Tor the i Invalid data : 
0.sv # \ lower screen of 


* 1 This figure shows the timing for Hp = 8. — - 
| For Hp = 7, time shown by “b” becomes zero. For Hp = 6, time shown by “a” and “b” 
. become zero. | 

Therefore, the number of clock pulses during T1 become 4, 3, or 2 in the case of Hp = 
8, Hp = 7, or Hp = 6 respectively. | 

*2 The waveform for instructions with memory read is shown with a dash line. In other cases, 
the waveform shown with a solid line is generated. 

*3 When an instruction with RAM read/write is excuted, the value of cursor address is 
output. In other cases, invalid data is output. | 


* 4 When an instruction with RAM read is excuted, HD61830B latches the data at this timing. 
In other cases, this data is invalid. 7 | 


3. Test load circuit 


Vec 


Test 
point 


R, =2.4kQ 

R =11kQ 

C = 50 pF (C includes jig capacitance) 
Diodes D, to D4: 152074) 
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LCD Driver Interface 





item Symbol Min Typ Max Unit Note 
Clock cycle time twcL2 416 = — ns 1,3 
Clock pulse width twcH 150 ace a ns: 1.3 
(High level) 
Clock pulse width ec 150 = —- sng 1,3 
(Low level) : 
Data delay time top = a 50 ns 1,3 
Data hold time tou 100 = = ns 1,3 
Clock phase difference (1) tout | 100 = — ns sees 
Clock phase. difference (2) | tcL2 100 a ce ns 1,3 
Clock phase difference (3) tcL3 . 100 _ — ns | : ee | 
MA, MB delay time tom -—200 = 200 ns : 1,3 
FLM set-up time 7 tsF | 400 oad = ns 25-3 
FLM hold time tae 1000 - us “ns 2,3 
MA set-up time tsma 400 = = ns 2,3 - 
MA hold time tima 1000 ee re 2 3 
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Notes: 1. | 
/ . twei2 | . 
| twcu twei | | | 
| | PENTEL LATE OREN IE TE, f GEL OPE SIE A PERE TET LIED 

0.7Vcc 
CL, c 

0.3Vec 

teu teL2 tei3 


) 0.7V, ‘ | : 
. cc 
tom ; 


QO. 7Vec 
( 
MACE 0.3Vec 
2. 
CL, 
FLM 





MA ; . 0.3Vec 


3. Test load circuit 


Test ay. 
point CL 


CL = 100 pF i includes 8) 
a, a capacitance 
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Display Control Instructions 


Display is controlled by writing data into the 
instruction register and 13 data registers. The 
RS signal distinguishes the instruction regis- 
ter from the data registers. 8-bit data is 
written into the instruction register with RS 
= 1, and the data register code is specified. 
After that, the 8-bit data is written in the 
data register and the specified instruction is 
executed with RS = 0. 


During the execution of the instruction, no 
new instruction can be accepted. Since the 
busy flag is set during this, read the busy flag 
and make sure it is 0 before writing the next 
instruction. 


1. Mode control 

Code $“00” (hexadecimal) written into the 
instruction register specifies the mode con- 
trol register. 





Register 
Instruction reg. 


Mode control reg. 





Graphic/character 


Display ON/OFF 
mode 


Master/slave 


oO 
O 
~~ 
Cc 
Ss 
~ 
uo 





1: Master mode 
O: Slave mode 


-» 1: Display ON 
0: Display OFF 


Graphic/character 
displa 


= 





Character display 
(Character mode) 


Internal CG F 


External CG 
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2. Set character pitch 
Vp indicates the number of vertical dots per 


character, The spece between the vertically- 


displayed characters is considered for 
determination. This value is meaningful only 
during character display (in the character 
mode) and becomes invalid in the graphic 
mode. : 


Register 


Instruction reg. 
Character pitch reg. 





3. Set number of characters 

Hw indicates the number of horizontal char- 
acters in the character mode or the number of 
horizontal bytes in the graphic mode. If the 
total sum of horizontal dots on the screen is 
taken as n, 


Instruction reg. | 


Number-of-characters reg. 


Table 1 H, Values 


Hp indicates the number of horizontal dots 
per character in display, including the space 
between horizontally-dispiayed characters. 
In the graphic mode, the Hp indicates the 
number of bits of 1-byte display data to be 
displayed. 


There are three Hp values (Table 1). 


n = Hp X Hn 


Hn can be set to an even number from 2 to 
128 (decimal). 














. Hp DB2 DB1 DBO Horizontal character pitch 
6 1 0 1 6 
7 1 1 oO 7 
8 1 1 1 8 
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4. Set number of time divisions (inverse ratio. 
of display duty ratio) 
Nx indicates the number of time divisions in A value of 1 to 128 (decimal) can be set to Nx. 


multiplex display. 1/Nx is the display duty 


feeme Tae ws [om Esc 
rennva fo fs{ojfefelejeoleoj|+| + 


Number-of-time shares reg. [Oe OL oe (Nx — 1) binary 






5. Set cursor position can be set to Cp. If a smaller value than the 
Cp’ indicates the position in a aharacker vertical character pitch Vp is set (Cp S Vp), 

_ where the cursor is displayed in the character and a character overlaps with the cursor, the 
mode. For example, in 5 x 7 dot font, the cursor has higher priority of display (at cursor 
cursor is displayed under a character by display on). If Cp is greater than Vp, no cursor 
specifying Cp = 8 (decimal). The cursor hori- is displayed. The cursor horizontal length is 
zontal length is equal to the horizontal char- = equal to Hp. , 


acter pitch Hp. A value of 1 to 16 (decimal) 


instruction reg. 


Cursor position reg. 





6. Set display start low order addres the start address is composed of high/low 


Cause display start addresses to be written in order 16 bits. In the character display, it is 
the display start address registers. The dis- composed of the lower 4 bits of high order 


play start address indicatesa RAM addressat § address (DB3—DBo) and 8 bits of low order 
which the data displayed at the top left end address. The upper 4 bits of high order 
on the screen is stored. In the graphic mode, address are ignored. 


some | AW] #5 | 687 [096 | bos | poe | O09 | bo? | opi | bao. 
imei fo f+fefofefef+lelele 


Display start address reg. ; (Start low order address) binary 
(low order byte) | . 
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7. Set cursor address (low order) (RAM 
write low order address) 

Cause cursor addresses to be wiitten in the 

cursor address counters. The cursor address 

indicates an address for sending or receiving 

display data and character codes to or from 

the RAM. 


That is, data at the address specified by the 


cursor address are read/written. In the char- » 
acter mode, the cursor is displayed at the 


character specified by the cursor address. 


A cursor address consists of the low-order 


Cursor address counter 
(high order byte) 


Table 2. Cursor Address Setting 


Condition 


address (8 bits) and the high-order address (8 
bits). Satisfy the following requirements 
when setting the cursor address (Table 2). 


The cursor address counter is a 16-bit up- 
counter with set and reset functions. When 
bit N changes from 1 to 0, bit N + 1 is in- 
cremented by 1. When setting the low order 
address, the LSB (bit 1) of the high order 
address is added by 1 if the MSB (bit 8) of the 
low order address changes from 1 to 0. 
Therefore, set both the low order address and 
the high order address as shown in table 2. 





Requirement 





When you want to rewrite (set) both the low order 
address and the high order address. 


Set the low order address and then set the high 
order address. 





When you want to rewrite only the low order 
address. 


Don't fail to set the high order address again after 
setting the low order address. | 





When you want to rewrite only the high order 
address. 


Set the high order address. You don’t have to set 
the low order address again. 
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8. Write display data : 

After the code $“0C” is written into the 
instruction register with RS = 1, 8 bit data 
with RS = 0 should be written into the data 


Instruction reg. Ok! 


9. Read display data 
Data can be read from the RAM with RS = 


















This instruction outputs the contents of data 
output register on the data bus (DBO to DB7) 
and then transfers RAM data specified by the 
cursor address to the data output register, 
also increasing the cursor address by 1. After 


Busy [Cursor [Cursor 
check jaddress jlow 
set order set 


address mode 


write 


mode 
Cursor 
address 
Data 


output 
register 


*N, 


(#5 [oer [os [ons [oe To [ona [oer 
0 | MSB (pattern data, character code) LSB 






fa MBS (pattern data, character code) LSB 


Busy | Cursor | Cursor 
check | addressjhigh 
order 
address 
write 





HD61830B 


register. This data is transferred to the RAM 
specified by the cursor address as display 
data or character code. The cursor address is 
increased by 1 after this operation. 






DBO 





after writing code $“0C” into the instruction 
register. Figure 1 shows the read procedure. 





setting the cursor address, correct data is not 

Output at the first read but at the second one. 
Thus, make one dummy read when reading 
data after setting the cursor address. 


Busy {| Data |Dummyf Busy JN 
check | read |read check |address} check jaddress 
mode data data 
read read 


ee CA ACER 


Figure Read Procedure | 
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10. Clear bit | 
The clear/set bit instruction sets 1 bit in a 
byte of disnlay data RAM to O orl ‘ 


ewe wh & be ST 


tively. The position of the bit in a byte is 
specified by Ng and RAM address is specified 


by cursor address. After the execution of the 
instruction, the cursor address is automati- 


cally increased by 1. Ng is a vaiue from i to 8. 


Ng = 1 and Ng = 8 indicates LSB and MSB, | 
respectively. 





Instruction reg. 


Bit clear reg 


Set bit 


im 
Instruction reg. | 
Bit set reg 


11. Read busy flag 

When the read mode is set with RS = 1, the 
busy flag is output to DB7. The busy flag is set 
to 1 during the execution of any of the other 
instructions. After the execution, it is set to 0. 





The next instruction can be accepted. No | 


instruction can be accepted when busy flag 
= 1. Before executing an instruction or writ- 
ing data, perform a busy flag check to make 


| Busy flag © se 















[as [987 [006 | 686 [oes [v65 [002 [081 [ooo 
nS 





sure the busy flag is 0. When data is written 
in the register (RS = 1), busy flag doesn't 
change. Thus, no busy flag check is required 
just after the write operation into the 
instruction register with RS = 1. 


The busy flag can be read without specifying » 
any instruction register. 
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OCOOOOOOOO0O 


See ee er 


NX 


ee ee 











HN 
(digit) 

Symbol Name Meaning Value 
Hp Horizontal character fitch Horizontal character pitch 6 to 8 dots 
Hn Number of horizontal Number of horizontal characters per line (number of 2 to 128 digits 

characters digits) in the character mode or number of bytes per (an even num- 

line in the graphic mode ber) 

Vo. Vertical character pitch Vertical character pitch 1 to 16 dots 
Cp Cursor position Line number on which the cursor can be displayed 1 to 16 lines 
Nx Number of time divisions inverse of dispqay duty ratio 1 to 128 lines 


Note: if the number of vertical dots on the screen is m, and the number of horizontal dots is n, 
1/m = 1/Nx = display duty ratio 


n = Hp X Hn, mM/Vp =Number of display lines 
Cp = Vp | 


Figure 2 Display Variables 
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Display Mode 






Hp: 6, 7, or 8 dots 
Hp 





Liquid Crystal 
isplay Panel 
Hp: 8 dots 








Display pattern 


Character code 
(8 bits) 


Display Data 
from MPU | 








Display Mode 





Character 
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Internal Character Generator Patterns and Character Codes 


Higher 
Lensr€ i {0010]001 10100|0101|0110 0111/1010|1011 
4 bits : — —- 
ee Ee ie SE 
Pe tanec ett SN Sea Peale Nee Sn ated eee atl 


x x x x0010 bad ell il cl i 
xx x x0101 alte Heslidls APU 
xxx x0110 Slee BADE se 
x x x x 1000 real 
a 

an 
xxxx 1001 
xxx x1011 eels TEE ee a fe 
xx xX xX1100 PAE EP ee 

3 a 

xxx xX1101 mele ffl] Eres) | ap [TELL s = 
xxxx1110 LE ey 
xxxx1111 TAL Diced lea PE a] H 













































HITACHI 


pile America, Ltd. * Hitachi Plaza * 2000 Sierra Point ee ¢ Brisbane, CA 94005-1819 « eas 589-8300 463 





HD61830B 


Application (Character Mode, External CG, Character Font 8 x 8) 


cs 









HD6303 












Ao RAM(2) Po 
, HM6116 D, 


cS 








ROM OE 
HN482732A CEL? 


Open « | ee 
te a 

Wise ee ee ee LCD Module 
exerne Pe eal 
clock ake 





+5V 
GND 
-5V 


Application (Graphic Mode) 






DBo- 
HD6303 DB; 
MPU cs 

R 


HD61830B 
Controller 


16K bits 


CMOS 


Power supply for 


GND liquid | 
liquid crystal 
Yoo (5 V) x esac 
Vee ( a 5 V) 
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Example of Configuration 


Graphic Mode 


— 
HD61830B Liquid crysta 
display module 





(Master) 













Liquid crystal 


| Liquid crystal 
{display module! "? (2) 


display module 






Driving both of two 
module by same 
common signal 


2 (Slave) 
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HD63645F/HD64645F ——— 
LCD Timing Controller (LCTC) 


Pin Arrangement 


Description 


The HD63645F/HD64645F LCTC is a control 
LSI for large size dot matrix liquid crystal 
displays. The LCTC is software compatible 
with the HD6845 CRTC, since its program- 
ming method of internal registers and mem- 
ory addresses is based on the CRTC. A display 
system can be easily converted from a CRT to 
an LCD. 


The LCTC offers a variety of functions and 
performance features such as vertical and 


horizontal scrolling, and various types of © 


character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 


A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x< 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 





| Features 


e Software compatible with the HD6845 @ Versatile display modes programmable 
CRTC by mode register or external pins: display 
@ Programmable screen size: on/off, graphic or character, normal or 
—Up to 1024 dots (height) wide, attributes, and blink enable | 
—Up to 4096 dots (width) @ Refresh address output for dynamic RAM 
@ High-speed data transfer: @ 4- or 8-bit parallel data transfer between 
—Up to 20 Mbits/s in character mode LCTC and LCD driver 
—Up to 40 Mbits/s in graphic mode @ Recommended LCD driver: HD61104 
@ Selectable single or dual screen configu- (column) and HD61105 (common), 
ration HD66204 (column) and HD66205 
@ Programmable multiplexing duty ratio: (common), HD66106, HD66107T (com- 
static to 1/512 duty cycle mon/column) 
@ Programmable character font: @® CPU interface: 68 family (HD63645F), 
—1-32 dots (height) 80 family (HD64645F) 3 
—8 dots (width) @ CMOS process 
@ Versatile character attributes: reverse @® Single +5 V +10% 
video, blinking, nondisplay (white), @ 80-pin plastic QFP (FP- 80) 
nondisplay (black) 
@ OR function: superimposing characters 
and graphics display 
@ Cursor with programmable height, blink 
rate, display position, and on/off switch 
@ Vertical smooth scrolling and horizontal 
scrolling by the character 
HITACHI 
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Ordering Information 


Type No. Bus Timing _ Bus Interface Package 

HD63645 2 MHz 68 System 80-pin Plastic QFP (FP-80) 
HD64645 4 MHz 80 System 80-pin Plastic QFP (FP-80) 
HD64646 4 MHz 80 System 80-pin Plastic OQFP (FP-80B) 


Note:. See HD64646 data sheet in this data book. 


Pin Description 





Symbol Pin Number Name 1/0 
Vec1, Vec2 17, 32 Vec = 
GND1, GND2 37, 59 Ground = 

_ LUO-LU3 22-25 LCD Up Panel Data 0-3 om 
LDO-LD3 7 18-21 | LCD Down Panel Data 0-3 O 
CL1 28 | Clock One O 
CL2 29 Clock Two O 
FLM . 27 First Line Marker 0 
M 26 | M 0 
MAO-MA15 65-80 Memory Address 0-15 O 
RAO-RA4 60-64 Raster Address 0-4 0 
MDO-MD7 1-8 . Memory Data 0-7 | 
MD8-MD15 — 9-16 Memory Data 8-15 l 
DBo-DB7 43-50 Data Bus 0-7 \/O 
cs 39 Chip Select | 
E 41 Enable (HD63645 Only) | 
R/W 42 Read/Write (HD63645 Only) | 
WR 41 Write (HD64645 Only) | 
RD 42 Read (HD64645 Only) | 
RS 40 Register Select | 
RES 38 | Reset | 
DCLK 33 | D Clock | 
MCLK 34 _ M Clock O 
DISPTMG — 35 : Display Timing O 
CUDISP | 36 Cursor Display O 
SKO 30 | | Skew O 7 
SK1 2. 7. gl Skew 1 | 
ON/OFF 53 — On/Off | 
BLE 51 a Blink Enable | 
AT 57 - Attribute | 
G/C 58 Graphic/Character I 
WIDE 54 Wide | 
LS 56 _ Large Screen | 
D/S 55 Dual/Single | 
MODE 52 . Mode l 
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Pin Functions 
Power Supply (Vcc1, Vcc2, GND) 


Power. Supply Pin (+5 V): Connect Vecl 
and Vec2 with +5 V power supply circuit. 


Ground Pin (0V): Connect GND1 and 
GND2 with 0 V. 


LCD Interface 


LCD Up Panel Data (LUO-LU3), LCD 

Down Panel Data (LDO-LD3): LUO-LU3 

and LDO-LD3 output LCD data as shown in 
table 1. 


Clock One (CL1): CL1 supplies timing clocks 


for display data latch. 


Clock Two (CL2): CL2 supplies timing clock 
for display data. shift. 


First Line Marker (FLM): FLM supplies 
first line marker. 


M (M):M converts liquid oes drive output 
to AC. 


Memory Interface 


Memory Address (MAO-MA15): MAO- 
MA15 supply the display memory address. 


Raster Address (RAO-RA4): RAO-RA4 
supply the raster address. 
Memory Data (MDO-MD7): MDO0O-MD7 


receive the character dot data and bit- 
mapped data. 


Memory Data (MD8-MD15): MD8-MD15 
receive attribute code data and bit-mapped 
data. 

MPU Interface 

Data Bus (DBO-DB7): DBO-DB7 send/ 


receive data as a three-state I/O common 
bus. 


Chip Select (CS): CS selects a chip. Low 
level enables MPU read/write of the LCTC 
internal registers. 


Enable (E): E receives an enable clock. 
(HD63645F only). 


Read/Write (R/W): R/W enables MPU read 
of the LCTC internal registers when R/W is 
high, and MPU write when low (HD63634F 
only). | 


Write (WR): WR receives MPU write signal 
(HD64645F only). 


Read (RD): RD receives MPU read signal 
(HD64645F only). : 


Register Select (RS): RS selects registers. 
(Refer to table 5.) 


Reset (RES): RES performs external reset of 
the LCTC. Low level of RES stops and zero- 
clears the LCTC internal counter. No register 
contents are affected. 


Timing Signal 


D Clock (DCLK): DCLK inputs the system 
clock. 


M Clock (MCLK): MCLK indicates memory 
cycle; DCLK is divided by four. 


Display Timing (DISPTMG): DISPTMG 
high indicates that the LCTC is reading dis- 
play data. 


Cursor Display (CUDISP): CUDISP sup- 
plies cursor display timing; connect with 
MD12 in character mode. 


Skew 0 (SKO)/Skew 1 (SK1): SKO and SK1 
control skew timing. Refer to table 2. 


Mode Select 


The mode select pins ON/OFF, BLE, AT, G/C, 


Table 1 LCD Up Panel Data and LCD Down Panel Data 


Single Screen 
8-Bit Data | 


Data output 
Data output 


4-Bit Data 


Pin name 
LUO-LU3 Data output © 
Disconnected 


LDO-LD3 


Dual Screen 


Data output for upper screen 
Data output for lower screen 
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and WIDE are ORed with the mode register 
(R22) to determine the mode. 


On/Off (ON/OFF): ON/OFF switches dis- 
play on and off (High = display on). 


Blink Enable (BLE): BLE high level enables 
attribute code “blinking” (MD13) and pro- 
vides normal/blank blinking of specified 
characters for 32 frames each. 


Attribute (AT): AT controls character 


attribute functions. 


Graphic/ Character (G/C): G/C switches 
between graphic and character display mode 
(graphic display when high). 


Wide (WIDE): WIDE switches between 


HD63645F /HD64645F 


normal and wide display mode (high = wide 
display, low = normal display). 


Large Screen (LS): LS controls a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCD interface mode. For more 
details, refer to table 10. 


Dual/Single (D/S): D/S switches between 
single and dual screen display (dual screen 
display when high). 


Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num- 
ber of rasters, cursor start/end rasters, etc. 
(Refer to table 9.) 





Table 2 Skew Signals 


SKO SK1 Skew Function 

0 O No skew 

1 O 1-character time skew 
0 1 2-character time skew 
1 1 Prohibited combination 
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Function Overview | 
LCD and CRT Display Systems Main Features of HD63645F /HD64645F 


Figure 1 shows a system using both LCD and Main features of the LCTC are: 
CRT displays. 7 
7 - High-resolution liquid crystal display 
screen control (up to 720 x 512 dots) 
Software compatible with HD6845 
(CRTC) 
Built-in character attribute control circuit 


Table 3 shows how the LCTC can be used. 





Table 3 Functions, Application, and Configuration 


Classification Item Description 
Functions Screen Format ® Programmable horizontal scanning cycle by the character clock 
period 


@ Programmable multiplexing duty ratio from static up to 1/512 | 

@ Programmable number of vertical displayed characters per character 
row | 

@Programmable number of rasters per character row (number of 
vertical dots within a character row + Brees between character 


Deen nn ne ee eee eee ee ee 


Cursor Control @Programmable cursor display position, corresponding to RAM 
_ address 
@ Programmable cursor ‘height by setting display start/end rasters 
@ Programmable blink rate, 1/32 or 1/64 frame rate 


we wm we ew ee ew mm ee em ee ee eee ee Ree eee em eH mem etme ewe meen ew Re Ree Beene Hee me ew HE Ee Oe Oe ee 


Memory Rewriting @Time for rewriting memory set either by specifying number of 
horizontal total characters or by cycle steal utilizing MCLK 


Se ee ne eee eee 


Memory Addressing @ 16-bit memory address output, up to 64 kbytes x 2 memory acces- 
sible - 
@ DRAM refresh address output 


ee ee ee ee re ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ne ee ee ee ee 


Paging and Scrolling |§@Paging by updating start address 
@ Horizontal scrolling by the character, by setting horizontal virtual 
screen width 
@ Vertical smooth scrolling by updating Sieolay start raster 


ee eR Ow EEE RAHM OEE RHEE OME EME OMNES ORDER MH 


Character Attributes @ Reverse video, blinking, nondisplay (white or black), display ON/ 


OFF 
Application CRTC Compatible © Facilitates system replacement of CRT display with LCD 
| OR Function e@Enables superimposing display of character screen and graphic 
screen 


Configuration LCTC Configuration @Single 5 V power supply 
@1/O TTL compatible except RES, MODE, SKO, SK1 
e@ Bus connectable with HMCS 6800 family (HD63645) 
© Bus connectable with 80 Hardy (HD64645) 
@ CMOS process 
@ Internal logic fully static 
@80-pin flat plastic package 
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Liquid crystal 
display CRT 
(monochrome) 


LCD display signals 
Frame 


buffer Video signals 


HD63645 RAM | 
HD64645 yy HO6845 


U 





Figure 1 LCD and CRT Displays 
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Internal Block Diagram 
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wae ~ . = % a ae fat baad 
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(WR) (RD) 


E R/W _ 
DCLK MCLK DISPTMG rs Cs DBo—DB,7 
Dot Counter Re | 
Address Register 
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R/W Control 


Horizontal Total 
J Register (W) 


Ls Horizontal Displayed - 
Ce : 
Register (W) 












































; Cursor Address 
Register (R/W) 









| 
CL2 
CL! 
Display Start Raster | 
| - Register (W) 
al Maximum Raster 3 
Address Register (W) 
Down Panei Raster | rnigt Multiplexing Duty 
CLK Counter (5 bits) ae R20} Ratio Register (W) 
[ 
cons ah qe 
Ratio Counter (9 bits Register (R/W). 
FLM 
t F jHorizontal Virtual 
corn tHe | | —-—— Pesce Width 
Upper Panei Address; Register (W) 
|—J 
M Counter (16 bits) x 
Down Panel = 
cls Counter (16 bits) a | Cursor Start Raster 
Register (W) 
| 


ursor End Raster 
Register (W) 


MAo-MArs¢ fT II pene noe on 
—— = sie 
| -——— AT 
MPX Mode Control LS 
| Circuit o/S 
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RAg—RA4 < U 59 Earn 


ON/ 

TP Tee ae MODE 
Control 

pa A SSIES Data 

LUg—LU2 «Ys &bit/4-bit Counter 

Control , 


BLE 


Input Register . Skew 
| | ) 


bh 
MDo—MDi5 CUDISP SKOSK1 


( ) is for HD64645 (80 types bus interface) 


Figure 2 LCTC Block Diagram 
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System Block Configuration 
Examples 


Figure 3 is a block diagram of a character/ 
graphic display system. Figure 5 shows two 
examples using LCD drivers. 


. HD63645/HD64645 
MPU Bus 


(WR) (RD) 
E, R/W 


DBO--DB7 
cS, RS 
MAO—MA15 S Mode select 


Address bus 


” 
| 
Q 
c 
Cc 
2 
G 
£ 
c 
‘°) 
O 


Display On/off | 
Blink enable 


Data bus 


V/ 


cs 





= 
V-RAM 
D 





Char./Graph. 





Figure 3  Character/Graphic Display System Example 
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Interface to MPU. 


P10—P17 CY 


SC2 (R/W)| 


HD6301 HD63645F 


MPU 





Note: HD6301 is set in mode 5. P10—P17 are used as output ports, and 
P30—P37 as data buses. SC2 outputs R/W here. 


interface between HD6301 and HD63645F 


HD64180 HD64645F 


MPU a LCTC 





RESET 


Note: In 80 family MPUs, !/O space is separate from memory space in 
software. Thus the LCTC, a part of I/O, needs the ORed signals 
of the interface signals and IOE. So IOE and RD, and 10E and. 
WR should be ORed to satisfy tas, the timing of CS, RD, and 
WR. 
Interface between HD64180 and HD64645F 


Figure 4 Interface to MPU 
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Dual screen 


ose > 4 

¢ HD61104 ¢ HD61104 ¢HD61104 
(1) (2) (8) 
et ed ed 


HD61105 


LCD panel 400 x 640 dots 


Single screen 
Saas 


Ors ae. 
HD61104 HD61104 
E (1) E (2) 
i ed 
HD61105 
poof La 
LCD panel 200 x 640 dots 
o 


LT 1/200 duty ratio 
HD6110 ; 


Figure 5 LCD Driver Examples 
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Registers 


‘raple 4 snows tne register Mapping. Table 5 differences between CRTC and LCTC regis- 
describes their function. Table 6 shows the ters. 





Table 4 Registers Mapping 








Address 
Register Reg. | 
CS RS 43210 no. Register Name Program Unit SymbolR/W 7 
1 - ————— Invalid ~ - = 
00 ---- AR Address Register — _ W 
0 1 00000 RO Horizontal Total Characters Character? Nht W 
0 1 00001 Ri Horizontal Displayed Char.s Character Nhd W 
0 1 01001 R9 Maximum Raster Address Raster Nr WwW 
0 1 01010 R10 Cursor Start Raster Raster+ — Ncs W 
0 1 01011 R11 Cursor End Raster Raster Nce W 
0 1 01100 R12 Start Address (H) Memory Address — R/V | 
0 1 01101 R13 Start Address (L) Memory Address — R/AV 
0 1 01110 R14 Cursor Address (H) Memory Address — R/W 
0 1 01111 R15 Cursor Address (L) Memory Address — R/W 
0 1 10010 R18 Horizontal Virtual Screen WidthCharacter Nir W 
0 1 10011 R19 Multiplexing Duty Ratio (H) Raster? Ndh W 
0 1 10100 R20 Multiplexing Duty Ratio (L) Raster? Nd W 
0 1 10101 R21 Display Start Raster. Raster -Nesr WwW 3 
0 1 10110 R22 Mode Register —Note - W AT 
Notes: 1. [ : Invalid data bits 
2 RW indicates whether write access or read access is enabled to/from each register. 


W: = Only write accessible 
R/W: Both read and write accessible 
3. The “value to be specified minus 1” should be programmed i in these registers: RO, R1 and 
R20. 
4. Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27) . 
B P Cursor Blink Mode 
0 O Cursor on; without blinking 
0) 1 Cursor off 
1 O Blinking once every 32 frames 
1 1 Blinking once every 64 frames 


5. The OR of mode pin status and mode register data determines the mode. 
6. Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these 
registers will be ignored. 
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Table 5 Internal Register Description 


Reg. 


No. 
AR 


RO 
R1 


R9 
R10 


R11 


R12 
R13 


R14 
R15 


R18 


Ri9 
R20 


R21 - 


R22 


Register Name Size (Bits) 
Address Register 5 
Horizontal Total Characters 8 
Horizontal Displayed Characters 8 
Maximum Raster Address 5 
Cursor Start Raster 5+2 
Cursor End Raster | 5 
Start Address (H) 16 
Start Address (L) 

Cursor Address (H) 16 
Cursor Address (L) | 

Horizontal Virtual Screen Width 8 
Multiplexing Duty Ratio (H) 9 
Multiplexing Duty Ratio (L) 

Display Start Raster 5 
Mode Register 5 
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Description 

Specifies the internal control registers (RO, R1, 
R9-R15, R18-R22) address to be accessed 
Specifies the horizontal scanning period 


Specifies the number of displayed characters per 
character row 


Specifies the number of rasters per character row, 
including the space between character rows 


Specifies the cursor start raster address and its 
blink mode 


Specifies the cursor end raster address 
Specify the display start address 


Specify the cursor display address 


Specifies the length of one row in memory space 
for horizontal scrolling 


Specify the number of rasters for one screen 


Specifies the display start raster within a character 
row for smooth scrolling 


Controls the display mode 


Note: For more details of registers, refer to “Internal Registers” . 
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Table 6 Internal Register Comparison between LCTC and CRTC 


noy- 


No. . 


> 


R 
0 
1 


iD 


R2 


LCTC HD63645/HDG64645 
Address Register 
Horizontal Total Characters 


Comparison 


~ Equivalent to CRTC 


Horizontal Displayed Characters 





R3* 





R4 





R5 





R6 





R7 





R8 

9 
R10 
R11 
R12 
R13 

R14 
R15 
R16 
R17 


a 


_ Maximum Raster Address 


Cursor Start Raster 
Cursor End Raster 
Start Address (H) 
Start Address (L) 
Cursor Address (H) 
Cursor Address (L) 


Particular to CRTC ; 
unnecessary for LCTC 


Equivalent to CRTC 


Particular to CRTC; 
unnecessary for LCTC 


CRTC HD6845 
Address Register 
Horizontal Total Characters 


Horizontal Displayed Characters 


Horizontal Sync Position 
Sync Width 

Vertical Total Characters 
Vertical Total Adjust 

Vertical Displayed Characters 
Vertical Sync Position 
interlace and Skew 
Maximum Raster Address 
Cursor Start Raster 


Cursor End Raster 


Start Address (H) 
Start Address (L) 
Cursor (H) 

Cursor (L) 

Light Pen (H) . 


Light Pen (L) 


Horizontal Virtual Screen Width 


R18. 


R19 


R20 
R21 
R22 


Multiplexing Duty Ratio (H) 
Multiplexing Duty Ratio (L) 
Display Start Raster 


Mode Register 


Additional registers for LCTC 
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Functional Description 


Programmable Screen Format display screen and registers. Figure 7 shows a 
timing chart of signals output from the LCTC 
Figure 6 illustrates the relation between LCD in mode 5 as an example. 


Horizontal Total Characters (RO) 


(R21) 
Start : Horizontal Displayed Chars. (R1) 
Raster 


Start Address (R12) 


Display Period CPU 
Memory Write Time 


Horizontal 


Display 
Start 
Raster 
Address 
(R21) 


os 
oo 
SAN 
2x 
°o 0 
BS 
£ £ 
gz 
is o Eo] 
2D 
ec 
35 
a8 
ce = 
3635 
ss 


(R19, R20) 


(1 Character) 





Figure 6 Relation between Display Screen and Registers 
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wx YUU. TU a 


DISPTMG 





CUDISP 


(latch |) _JUUULL__SCSSUTJ 
MAO—MA1S- ARRRRAC TRREREBREOEREOOEHE00R 


| RAO—RA4 


FLM = | MCLK x 16 ae 











my Lr 
oz 00000000000 0000 a7 
an Ce) cc 


Figure 7 “LCTC Timing Chart . (In Mode 5: Single Screen, 4-Bit Transfer, Normal 
Character Display) 
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Cursor Control 


The following cursor functions (figure 8) can 


be controlled by programming specific regis- 
ters. 


Cursor display position 
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Cursor height 
Cursor blink mode | 


A cursor can be displayed only in character 
mode. Also, CUDISP pin must be connected to 
MD12 pin to display a cursor. 


Cursor 
Start Raster 


Cursor 
End Raster 


Figure 8 Cursor Display | 
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Character Mode and Graphic Mode 


The T.CTC sunnoarte turn tywnac af dienlaw 
modes; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft- 
ware for a system using the CRTC (HD6845). 


The display mode is controlled by an OR 
between the mode select pins (D/S, G/C, LS, 
WIDE, AT) and mode register (R22). 


Character Mode: Character mode displays 
characters by using CG-ROM. The display 
data supplied from memory is accessed in 8- 
bit units. A variety of character attribute 
functions are provided, such. as reverse video, 
blinking, nondisplay (white or black) ,by stor- 
ing the attribute data in attribute RAM (A- 
RAM). 


Figure 9 illustrates the relation between 
character display screen and memory con- 
tents. 


Graphic Mode1: Graphic mode1 directly 
displays data stored in a graphic memory 
Iniffer “The dismiss date svinnlies fram mam: 


ory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. Figure 10 illustrates the relation 
between graphic display screen and memory 
contents. 


Graphic Mode 2: Graphic mode 2 utilizes 
software for a system using the CRTC 
(HD6845). The display data supplied from 


| memory is accessed in 16-bit units. Character 


attribute functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly the number of times spec- 
ified by maximum raster register (R9). The 
raster address is output in the same way as in 
character mode. 





Reverse 
Video Blinking 


as Ba 
| | ve 
onetal 





Figure 9 Relation between Character Screen and Memory Contents 


Start 


address Reverse Video 


Blinking 
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Horizontal Virtual Screen Width 
Horizontal virtual screen width can be speci- 
fied by the character in addition to the num- 


ber of horizontal displayed characters (figure 
11). 


The display screen can be scrolled in any 


M MM 
D VRAM pp ARAM 


Display Screen 





direction by the character, by setting the 


horizontal virtual screen width and updating 
the start address. This function is enabled by 
programming the horizontal virtual screen 
width register (R18). 


Figure 12 shows an example. 


VRAM ARAM 
-8—bit 8-dit 


Figure 10 Relation between Graphic Screen and Memory Contents 


Horizontal 
displayed 
characters(R1) 


Horizontal virtual screen width(R18) 


Figure 11 Horizontal Virtual Screen Width 
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Example: 
R18 (Horizontal Virtual Screen Width) = 10 


Start Address R1 (Horizontal Displayed Characters) = 5 


7 


Displayed Area 





Performing horizontal 
scroll by updating 
the start address 
Oto4 





Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width 


x 


Figure 12 
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Smooth Scroll Wide Display 

Vertical smooth scrolling (figure 13) is per- The character to be displayed can be doubled 

formed by updating the display start raster, in width, by supplying the same data twice 

as specified by the start raster register (R21). (figure 14). This function is offered only in 

This function is offered only in character character mode, and controlled either by bit 2. 

mode. _of the mode register (R22) or by the WIDE 
pin. 





Raster 
Address 


Display start raster address 


(R21) =O (R21) = 1 (R21) =2 





Figure 13 Example of Smooth Scroll by Setting Display Start Raster Address 











12345 67 8 112233445 566778 8 


WIDE = Low WIDE = High 






Figure 14 Example of Wide Display 
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Attribute Functions 


A variety OI Cnaracter attwinute runcuons 
such as reverse video, blinking, nondisplay 
(white) or nondisplay (black) can be im- 
plemented by storing the attribute data in A- 
RAM (attribute RAM). Figure15 shows a 
display example using each attribute func- 
tion. 


1. Black 


The attribute functions are offered only in 
character mode, and controlled either by bit 0 
or the mode register (KZZ) Or tne Al pin. AS 
shown in figure 15, a character attribute can 
be specified by placing the character code on 
MDO-MD7, and the attribute code on MD11- 
MD15. MD8-MD10 are invalid. 


2. White 


Al ae 
AS 


3. Blinking 


4. Cursor 


AS 


5. Reverse Video 








Figure 15 Display Example Using Attribute Functions 


[MD] 18 | i] [2] [wel 70 


Non- 
display 
(white) 


Non- 
display 
(black) 


Function 


Blinking comer |e) ae 
video . 





Character Code 


*: Invalid 


Figure 16 Attribute Code 
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OR Function —Superimposing Charac- 
ters and Graphics 


_ The OR function (figure 17) generates the OR 
of the data entered into MDO-MD7 (eg. 
character data) and the data into MD8-MD15 
(e.g. graphic data) in the LCTC and transfers 


Graphic data 
(Character data) 


Foot gs ee ns ora ey ee eae 
MD15 MD14-~7--7- MDS MD8 MD7 
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this data as 1 byte. 


This function is offered only: in character 
mode, and controlled by bitO of the mode 
register (R22) or by the AT pin. Any attribute 
functions are disabled when using the OR 
function. 


Character data 
(Graphic data) 


MD6 ---- MD1 MDO 


Figure 17 _ OR Function 
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DRAM Refresh Address Output Function 


bh bw aa a ww Vuepuen weanw Se WO Wh we ee awe =a" = ee eevee 


refresh while CL1 is high, as shown in figure 
18. The 16 refresh addresses per scanned line 
are output 16 times, from $00-$FF. 


Skew Function | 

The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD 
inputs. 


If buffer memory and character generator 
ROM cannot be accessed within one hori- 


zontal character display period, the access is 
retarded to the next cycle by inserting a latch 


$n RAM AY? anAArace pir aliiny le ana huffar mam. 


wv ww ssewesewo 


Ory output. The skew ‘function retards the 
CUDISP, DISPTMG, CL2 outputs, and MD 
inputs in the LCTC to match phase with the 
display data signal. | 


By utilizing this function, a low-speed mem- 
ory can be used as a buffer RAM or a charac- 
ter generator ROM. 


This function is controlled by pins SKO and 
SK1 as shown in table 7. . 





Table 7 Skew Function 


SKO SK1 Skew Function 

O | 0 No skew 

1 O 1 character time skew 
0 4 2 character time skew 
1 1 Inhibited combination 


DISPTMG | | | sy 
CL1 | | | . 


Display | 
Memory 


Address 


Display 
Memory 
Address 


DRAM Refresh 
Address | 





Figure 18 DRAM Refresh Address Output 
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Easy Mode 


This mode utilizes software for systems using 
the CRTC (HD6845). By setting MODE pin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRT screen can be utilized ina 
system using the LCTC, without changing 
the BIOS. 


Table 8 Fixed Values in Easy Mode 


Reg. No. Register Name 

RQ Maximum raster address 

R10 Cursor start raster 

R11 Cursor end raster 

R18 Horizontal virtual screen width 
R19 | Multiplexing duty ratio (H) 
R20 Multiplexing duty ratio (L) 
R21 Display start raster 

R22 Mode register 


Up panel 


----ABE----- 


Down panel 
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Automatic Correction of Down Panel 
Raster Address 


When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA) and raster addresses (RA) are output in 
such a way as to keep continuity of a display 
spread over the two panels. Therefore users 
can use the LCTC without considering the 
multiplexing duty ratio (the number of verti- 
cal dots of a screen) or the character font. 
(See figure 19.) 


Fixed Value (decimal) 


7 

6 

7 

Same value as (R1) 

99 (in dual screen mode) 

199 (in single screen mode) — 
0 

0 


Characters are continuous in spite of 
the break of a screen. 





Figure 19 Example of the Display in the Character Mode 
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System Configuration and Mode 
Setting 


LCD System Configuration 


The screen configuration, single or dual, must 
be specified when using the LCD system 
(figure 20). 


Using the single screen configuration, you 
can construct an LCD system with lower cost 
than a dual screen system, since the required 
number of column drivers is smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown voltage of a 
driver, and display quality of the liquid crys- 
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit- 
able to an application. 


The LCTC also offers an 8-bit LCD data 
transfer function to support an LCD screen 


with a smaller interval of signal input termi- — 


nals. For a general size LCD screen, such as 
640 x 200 single, or 640 x 400 dual, the usual 
4-bit LCD data transfer is satisfactory. 


Column Driver : 


Single screen 





Hardware Configuration and Mode Set- 
ting 


The LCTC supports the panne hardware 
configurations: 


Single or dual screen configuration 
4-or 8-bit LCD data transfer 


and the following screen format: 


Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 
OR or attribute display (only in character 
mode) 


Also, the LCTC supports up to 40 Mbits/s of 
large screeen mode (mode13) for large 
screen display. This mode is provided only in 


graphic 1 mode. 


Table 9 shows the mode selection method 
according to hardware configuration and 
screen format. Table 10 shows how they are 
specified. 


Column Driver (Upper panel) 


ls 
> 
‘eS 
QO 
c 
6 
E 
E 
6 
O 


Column Driver (Lower panel) | 


Dual screen 


Figure 20 Hardware Configuration According to Screen Format 
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Table 9 Mode Selection 


Hardware Configuration Screen Format 
Screen | Maximum 
LCD Data Configu- Screen Character/ Normal/ Attribute/ data transfer 
Transfer ration Size Graphic Wide OR speed(Mbps) Mode No. 
4-bit Single Normal Character Normal AT 20 5 
| OR 
Wide — AT. 10 6 
| OR ! 
Graphic 1 20 7 
Graphic 2 20 8 
Dual Normal Character Normal AT. 20 1 
OR 
Wide AT. 10 2 
R : 
Graphic 1 20 3 
Graphic 2 20 4 
Large Graphic 1 40 13 
8-bit Single Normal Character Normal AT. 20 9 
‘OR 
Wide. AT. 10 10 
OR 
Graphic 1 20 11 
Graphic 2 20 12 


Note: Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the 
data transfer speed sent to the LCD driver in wide function is 20 Mbps. 
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Mode List 


Table 10 Mode List 


10 


11 
12 
13 


. Mode Name 


Dual-screen 
character 


Dual-screen 

wide character 
Dual-screen graphic 1 
Dual-screen graphic 2 
Single-screen 
character 


Single-screen 
wide character 


Single-screen 
graphic 1 


Single-screen 
graphic 2 


8-bit character 


8-bit wide 
character 

8-bit graphic 1 
8-bit graphic 2 
Large screen 
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Pin Name 

D/S G/C LS WIDE AT 
100 0 0 
10001 
100 1 0 
1001 1 
1100 1 
11000 
00000 
000 0 1 
0001 0 
0001 1 
0100 1 
010 0 

0 01 0 0 
0010 1 
00110 
0011 1 
Oo 110 1 
01100 
1141 0 1 


Screen Graphic/ 
Confg. Character 
Dual Character 
screen . 

Graphic 


Single Character 


screen 


Graphic 


Single Character 


screen 


Graphic 


Dual 
screen 


Data 


Transfer 


4-bit 
x 2 


4-bit 


8-bit 


4-bit 


x 2 


Wide 
Display 


Normal 


Wide 


Normal 


Wide 


Normal 


Wide 


Attribute 
OR 
AT 
OR 
AT 


OR 
AT 
OR 
AT 


OR 
AT 
OR 
AT 


The LCTC display mode is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), 
and AT (pin 57). As for G/C, WIDE, and AT, the OR is taken between data bits O, 2, and 3 of the mode 
register (R22). The display mode can be controlled by either one of the external pins or the data bits of 


R22. 


Note: 


— 492 


The above 5 pins have 32 status combinations (high and low) . Any combinations other than the 
above are prohibited, because they may cause malfunctions. If you set an prohibited combina- 
tion, set the right combination again. 
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Internal Registers 


The HD63645F/HD64645F has one address 
register and fourteen data registers. In order 
to select one out of fourteen data registers, 
the address of the data register to be selected 
must be written into the address register. The 
MPU can transfer data to/from the data reg- 
ister corresponding to the written address. 


To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, 
which are not necessary for an LCD are 
defined as invalid for the LCTC. 


Address Register (AR) 


AR register (figure 21) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 


Hoceontal Total Characters Register 
RO , | 


RO register (figure 22) specifies a horizontal 
scanning period. The total number of hori- 
zontal characters less 1 must be programmed 
into this 8-bit register in character units. Nht 
indicates the horizontal scanning period in- 
cluding the period when the CPU occupies 
memory (total number of horizontal charac- 
ters minus the number of horizontal 
displayed characters). Its units are, then, 
converted from time into the number of 
characters. This value should be specified 
according to the specification of the LCD 
system to be used. 


HD63645F/HD64645F 


Note the following restrictions 
Nhd + 18 s Nnt +1 


Mode No. m 
5,9 1 
1,6, 7,8, 10,11, 12,13 2 
2,3,4 4 


Horizontal Displayed Characters Regis- 
ter (R1) 


R1 register (figure 23) specifies the number of 
characters displayed per row. The horizontal 
character pitches are 8 bits for normal char- 
acter display and 16 dots for wide character 
display and graphic display. 


_ Nhd must be less than the total number of 


horizontal characters. 
Maximum Raster Address Register (R9) 


R9 register (figure 24) specifies the number 
of rasters per row in characters mode, consis- 
ting of 5 bits. The programmable range is 0 (1 
raster/row) to 31 (32 rasters/row). 


Cursor Start Raster Register (R10) 


R10 register (figure 25) specifies the cursor 
start raster address and its blink mode. Refer 


to table 11. 





| ata Bit | Program Unit Program Program Unit RAW 
7 [6|5]4]3]2]1]o 
|—|—|—] Register address | Register address 


Figure 21 Address Register 


Data Bit 





Data Bit Program Unit Unit| R/W | RW | 


| Data Bit [Program Unit 
TT ewe | we 
Nht | Nht (Total characters — 1) _ characters — 1) Character 


Figure 22 Horizontal Total 
Characters Register 





Program Unit Unit] R/W | R/W | 


(brea 
BOCGOEOC aa 


Figure 23 Horizontal Displayed 
Characters Register 





Data Bit Program Unit] Unit RW | 


| ata Bit | Program Unit 

a le 

fool os) 

Figure 24 Maximum Raster Address 
Register 
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32- or 64-frame 


Cursor End Raster Register (R11) 


Rii1 register (figure 26) specifies the cursor 
end raster address. 


Start Address Register (H/L)(R12/R13) 


R12/R13 register (figure 27) specifies a buffer 
memory read start address. Updating this 
register facilitates paging and scrolling. R14/ 
R15 register can be read and written to/from 
- the MPU. 


- Cursor Address Register (H/L)(R14/R15) 


R14/R15 register (figure 28) specifies a cursor 
display address. Cusor display requires set- 
ting R10 and R11, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 


Horizontal Virtual Screen Width Regis- 
ter (R18) 


R18 register (figure 29) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num- 
ber of horizontal displayed characters. Up- 
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 


The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori- 
zontal displayed characters. 


Multiplexing Duty Ratio Register (H/L) 
(R19/R20) 


R19/R20 register (figure 30) specifies the 


number of vertical dots of the display screen. 
The programmed value differs according to 


the LCD screen configuration. 


In single screen configuration : 


(Programmed value) = (Number of vertical 
dots) — 1. 





Table 11 Cursor Blink Mode 
—  B P Cursor blink mode 


0 O Cursor on; without blinking 

6) 1 Cursor off - 

1 O ‘Blinking once every 32 frames 
1 1 Blinking once every 64 frames 


Data Bit 


Program Program Unit |R/W 


| Data Bit Program Unit 
7 [6|5|4{3}2]1]0 
|—| B | 'P |Ncs (Raster address) Nes (Raster [Nos (Raster address) Raster 


Figure 25 Cursor Start Raster Register 





Data Bit Program Program Unit] R/W | RW 


| Data Bit [Program Unit 
7{e6|s{4}3}2i1jo 
| — | — | —|Nce (Raster address) Nce (Raster address) 


Figure 26 Cursor End Raster Register 





Data Bit 


oa 
BORGER 

[Memory adeese (812) | Memory |W 
[Memory ees (0 (13)_|_ sen 


Figure 27 Start Address Register 


Program Uni] RAW 





Dae [Proaram Uni] Raw 


a 
BOoOonaOK 

Memory acces (9 (14) _| memory [RAW 
Memory adarese (0 (R16) | aes 


Figure 28 Cursor Address Register 
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In dual screen configuration : 


(Programmed value) = 


(Number of vertical dots) _ 1 
3 : 


Display Start Raster Register (R21) 
R21 register (figure 31) specifies the start 


raster of the character row displayed on the 
top of the screen. The programmed value 


Data Bit 


Program Program Unit} RW | 


| Data Bit [Program Unit 
peiier sy | 
Nir INir (No. of chars. of virtual width) of chars. of virtual width)| Character 


Figure 29 Horizontal Virtual Screen 
Width Register 





| Data Bit | Data Bit Program Unit Program Unit| RW. [RW 


ACG CEIEEIC) 
=L=L=LEI= |= [elie] Raster 
Ndl } Nd (Number of rsters ~ 1) (R20) | of rasters — } Nd (Number of rsters ~ 1) (R20) | (R20) 


: Number of rasters 


Figure 30 Multiplexing Duty Ratio 
Register . 
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should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 


Mode Register (R22) 


The Or of the data bits of R22 (figure 32) 
register and the external terminals of the 
same name determines a particular mode. 
(figure 33) 


Data Bit 


[Bata Bit———_—(Program Uni] 
7/6|5] 4/3] 2]1]0) 
}—|—|—| Raster address _| | Raster address _| address 


Display Start Raster Regis- 





Figure 31 
ter 


ata Bit Program Unit Unit] RW R/W | 


i 
Tepe] « [s]2[3[o 
|= [= Jono lca 


Figure 32 Mode Register 
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AT 


' (data bit 0) 


BLE 


(data bit 1) 


WIDE 


G/C 


(data bit 3) 


— a 


ON/OFF 
(data bit 4) 


Mode Register ON/OFF G/C WIDE BLE AT 


(R22) 


Notes: 1. 


(Pin 53) (Pin 58) (Pin 54) = (Pin 51) (Pin 57) 


AT (valid only when G/C is low (character mode) ) 
AT =.High: Attribute functions enabled, OR function disabled. 
AT = Low: OR function enabled, attribute functions disabled. 


BLE (valid only when G/C is low (character mode) ) . 
BLE = High: Blinking enable on the character specified by attribute RAM 
BLE = Low: No blinking 


WIDE (valid only when G/C is low (character mode) ) 
WIDE = High: Wide display enabled 
WIDE = Low: Normal display 


G/C 
G/C = High: Graphic 1 display (when AT = Low) or Graphic 2 display (when AT = High) 
G/C = Low: Character display 


ON/OFF 
ON/OFF = High: Display on state 
ON/OFF = Low: Display off state 


Figure 33. Correspondence between Mode Register and External Pins 
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Restrictions on Programming Internal 
Registers 


Note when programming that the values you 
can write into the internal registers are 
restricted as shown in Table 12. 





Table 12 Restrictions on Writing Values into the Internal Registers 


Function Restrictions Register 
Display Format 1 < Nhd < Nht + 1.3 256 RO, R1 


16 
Nhd + 7? 44 = .Nnt + 1 


Da ee ee ee ee ee ee ee eee ee 


(No. of vertical dots) x (no. of horizontal dots) x R1, R19, R20 
(frame frequency;frram) = (data transfer speed; V) | 


1) ox (Nd + 1)xNhdx {8} #3 fram s V 
{3} {fe} 


eee eee eee eee eee eee ee Pee ee er ee ee ee ee ee eee 


Nhd = Nir R1, R18 
“OSNd5511 a: R19,R20. 

Cursor Control O = Nes & Nee R10, R11 
“Nees Nr R10,R9 t+” 

Smooth Scroll Nsr = Nr | R21, R9 

Memory Width Set 0 = Nir $255 | R18 


Notes’ *1 m varies according to the modes. See the following table. 


Mode No. m 
5,9 1 
1,6,7,8,10,11,12,13 2 
2,3,4 4 


*2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as 
shown in the following table. 





Mode No. | Value 
5,6,7,8,9,10,11,12 1 
1,2,3,4,13 2 


* 3 Set 8 when a character is constructed with 8 dots, and set 16 when with 16 dots. Modes 
-are Classified as shown in the following table. 


Mode No. Value 
1,5,9 8 
2,3,4,6,7,8,10,11,12,13 16 
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Reset 


RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output terminals. | 


Reset is defined as follows (Figure 34): 


At reset: the time when RES goes low 

During reset: the period while RES 

remains low 

@ After reset: the period on and after the 
RES transition from low to high 

@ Make sure to hold the reset signal low for 

at least 1 us 


em memmenemneineae 


RES pin should be pulled high by users dur- 
ing operation. 


Reset State of Pins 
RES pin does not basically control output 
pins, and operates regardless of other input 


pins. 


1. Preserve states before reset: 
LUO-LU3, LDO-LD3, FLM, CL1, RAO-RA4 


2. Fixed at high level: 
MT.CK 

3. Preserve states before reset or fixed at 
low level according to the timing when 
the reset signal is input: 

_ DISPTMG, CUDISP, MAO-MA15 

4. Fixed at high or low according to mode: 
CL2 

5. Unaffected: 
DBo-DB7 


Reset State of Registers 


RES pin does not affect register contents. 
Therefore, registers can be read or written 
even during a reset state; their contents will 
be preserved regardless of reset until they 
are rewritten to. 


Notes for HD63645F/HD64645F 
1. The HD63645/HD64645 are CMOS LSIs, 


and it should be noted that input pins 
must not be left disconnected, etc. 


2. At power-on, the state of internal regis- 


ters becomes undefined. The LSI opera- 
tion is undefined until all internal regis- 
ters have been programmed. 





During reset 


At reset 





After reset. 





Figure 34 Reset Definition 
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Absolute Maximum Ratings 


item Symbol Value Note 
Supply voltage i tsts—“(‘éc#~#~*~*~‘éOCOC#;™OWSYtO+7OOVO~O™!®!W!WUWUWUWUWU2!C™ 
Terminal voltage Vin —-0.3 to Vcc +0.3 V 
Operating temperature Topr —20°C to +75°C 

‘ Storage temperature . Tstg -—55°C to +125°C 


Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 


should be under recommended operating conditions (Vcc = 5.0 VV +10%, GND = OV, Ta 
= —20° to +75°C). If these conditions are exceeded, it could affsct reliability of LSI. 
2. With respect to ground (GND = OV) 


Electrical Characteristics 


DC Characteristics (Vcc =5.0V +10%, GND=0V, Ta=-—20°C to +75°C, unless 
otherwise noted) 


Item Symbol Min Typ Max Unit eed ee 
Input high voltage Wie MODE, SKO,Vin ~ Vec—-0.5 Vect0.3 V 
DCLK, ON/OFF 2.2 — Vect+0.3 V 
All others 2.0 Vect+0.3 V 
Input low voltage All others Vit -0.3 0.8 Vv 
Output high voltage —- TTL interface’ Vou 2.4 V loH= —400uA 
| CMOS interface! Vec—-0.8 Vv loH= —400ynA 
Output low voltage TTL interface Vor | 0.4 V lbt=1.6mMA 
CMOS interface 0.8 V lo. =400uA r 
Input leakage current All inputs except hie -2.5 +2.5 uA | 
. DBo-—DB7 
Three state (off-state) DB —DB7 ince —10 +10 yA 
leakage current 
Current dissipation? lec 10 mA 
Notes: 1. TTL Interface; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO- DB7, MCLK 5 


C-MOS Interface; LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. | 

3. If the capacitive loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over O. 8V may 
be produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
LDO-LD3 are larger than the ratings, supply signals to the LCD module proud buffers. 
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AC Characteristics 


Oru MAULLaGE (MV000¢5 —— 0d Iamlly) 

Item Symbol Min Typ Max = Unit Figure 
Enable cycle time : tcyce 500 ns 35 
Enable pulse width (high) Puen 220 | ns 

Enable pulse width (low) Pwr 220. | ns 

Enable rise time te; 25 “ns 

Enable fall time | 7 ter 25 ns 

CS, RS, R/W setup time tas 70 ns 

CS, RS, R/W hold time tay 10 — ns 

DBo-DB7 setup time | tos 60 ns 

DBo-DB7 hold time toHw 10 ns 

DBo-DB7 output delay time topr | 150 ns 

DBo-DB7 output hold time toHr 20 ns 


cs 
RS 


R/W 


DBo—DB7 
(input) 


DBo—DB, 


(output) ( Data Valid 





Figure 35 CPU Interface (HD63645) 
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CPU Interface (HD64645 —— 80 family) 


item Symbol Min Typ Max Unit Figure 
RD high level width twrou 190 ns 36 
RD low level width tWRDL 190 ns 

WR high level width twwr_H 190 ns 

WR low level width twwr_ 190 ns 

CS, RS setup time tas 0 ns 

CS, RS hold time tan ) | ns 

DBo-DB7 setup time tosw 100 ns 

DBo-DB7 hold time tow 0 ns 

DBo-DB7 output delay time topr 150 ns — 
DBo-DB7 output hold time toHR 20 ns 





Figure 36 CPU Interface (HD64645) 
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AC Characteristics (Cont) 


RA awn meee , oy eee en 
2S ae we an Ge Re a J men vwea otiwumww 


Item Symbol Min Typ Max Unit _— Figure 


DCLK cycle time | tcycp 100 — _ ns 37 


DCLK high level width twoH 30 — — ns 
DCLK low level width two. 30 _ — ns 
DCLK rise time tor oe =, — 20 ns 
DCLK fall time | | tor = — 20 ns 
MCLK delay time | — tpwp co = 60 ns 
MCLK rise time tyr ca = 30 ns_ 
MCLK fall time tut ae eS 30 ns 
MAO-MA15 delay time tmap re oe 150 ns 
MAO-MA15 hold time aa 10 = z ns 
RAO-RA4 delay time 7 trap = = 150 ~=ns 
RAO-RA4 hold time tRAH 10 = = ns 
DISPTMG delay time toTp ce = 150 ns 
DISPTMG hold time toTH WO? . =", _— ns 
CUDISP delay time - tcepp = mes 150 ns 
CUDISP hold time | tcDH 10 = ~ ns 
CLi delay time tcLip = — 150 ns 
CL1 hold time tcu1H 10 = = ns 
CL1 rise time | tcLir -_ = 50 ns 
CL fall time | tcLif ee < = 50 ns 
_ MDO-MD15 setup time | nee 30 ig = ns 
MDO-MD15 hold time | 'twpx 15 _ — ns 
HITACHI | 
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pcik 2:2V | 
0.8V 
tomo 
0.4V N \ 
\——— ; MAH 
2.4V . 
— ( 
MAO—MA15 DB. a 14 
a 
RAO—RA4 { paki 
r-O.4V | 
a 
DISPTMG p24V | 
0.4V 
Se ™ 
: v 
CUDISP { a \ 
. 0.4V 
Be 
CLI y Vcc 0.8V : 
0.8V 
tetir tmps tMDH 
torit . 
MDO-—MD15 2.0V 
(input) 0.8V 






( 


Figure 37 Memory Interface 
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AC Characteristics (Cont) 


a te de? - 
hawt LAILUGCLLAUVS 


item Symbol Min Typ Max Unit Figure 
Display data setup time tLos 50 — om ns 38 
Display data hold time tLoH 100 + = ns 

CL2 high level width | wese 100 = - ns 

CL2 low level width tweet 100 —_ — ns 

FLM setup time trs 500 ~ — —s ns 

FLM hold time | teH 300 a = ns 

CL1 rise time teLtr ac a 50 ns 

CL1 fall time | tcLit = a 50 ns 

CL2 rise time tcLar = os 50 ns 

CL2 fall time | tc.ae oF = 50 ns 





Note: At fCL2 = 3 MHz 


LUO—LU3 
LDO—LD3 





Figure 38 LCD Interface 
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AC Characteristics 


TTL Load 

Terminal Ri R Cc Remarks 
DBo-DB7 2.4k0 11kQ #£130pF tr, tf: Not specified 
MAO-MA15, RAO-RA4, DISPTMG, CUDISP 2.4kQ 11k0 40 pF 

MCLK 2.4kQ 11kO 30 pF tr, tf: Specified 


All diodes: 1S2074® 





Capacitive Load 


Terminal | Cc Remarks 

CL2 150 pF tr, tf: Specified 
CL1 200 pF 

LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
FLM 50 pF 






Refer to user’s manual (No. 68-1-160) and application note (No. ADE-502-003) for detail of this 
product. 
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HD64646Fs 
LCD Timing Controller (LCTC) — 


Pin Arrangement 


Description 


The HD64646F LCTC is a modified version of 
the HD64645F LCTC with different LCD 
interface timing. 


The HD64646F is a control LSI for large size 
dot matrix liquid crystal displays. The LCTC is 
software compatible with the HD6845 CRTC, 
since its programming method of internal 
registers and memory addresses is based on 
the CRTC. A display system can be easily 
converted from a CRT to an LCD. 


The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 


A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 


Features 


@ Software ‘compatible with the HD6845 

~ CRTC | 

@ Programmable screen size: 

—Up to 1024 dots (height) 
—Up to 4096 dots (width) 

@ High-speed data transfer: 

—Up to 20 Mbits/s in character mode 
—Up to 40 Mbits/s in graphic mode 

@ Selectable single or dual screen configu- 
ration 

@ Programmable multiplexing duty ratio: 
static to 1/512 duty cycle 

@ Programmable character font: 

—1-32 dots (height) 
—8 dots (width) 

@ Versatile character attributes: reverse 
video, blinking, nondisplay (white), 
nondisplay (black) 

@ OR function: superimposing characters 
and graphics display 

@® Cursor with programmable height, blink 
rate, display position, and on/off switch 





@ Vertical smooth scrolling and horizontal 
scrolling by the character | 

@® Versatile display modes programmable 
by mode register or external pins: display 
on/off, graphic or character, normal or 
wide, attributes, and blink enable 

@ Refresh address output for dynamic RAM 

@ 4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

@ Recommended LCD driver: HD61104 
(column) and HD61105 (common), 
HD66204 (column) and HD66205 (com- 
mon), HD66106 (column/common) 


@ CPU interface: 


80 family 

CMOS process 

Single +5 V +10% 

80-pin plastic OFP (FP-80B) 


Ordering Information 


Type No. Bus Timing Bus interface Package 
HD63645F 2MHz 68System — FP-80 
HD64645F 4MHz ~ 80 System FP-80 
HD64646FS 4 MHz 80 System FP-80B 
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Differences Between HD64645F 
and HD64646FS 


Figure 1 and figure 2 show the relation overlap like HD64645F, and except for this 

between display data transfer period, when overlap. HD64646FS is the same as HD64645F 

display data shift clock CL2 changes, and functionally. 

display data latch clock CL1. Figure 1 shows 

the case without skew function and figure 2 Also for the skew function, phase relation 

shows the case with skew function. between CL1i and CL2 changes. As figure 2 
shows, data transfer period and CL1 high 

In figure 1, high period between CL2 and CL1 period of HD64646FS never overlap with the 

of HD64645F overlap. HD64646FS has no skew function. 


















MCLK 1 2 3 4 5 15 16 


DISPTMG | 
CLI ae Gases << see a ore 
(HD64645) MCLK x 16 


CL1 

(HD64646) MCLK xX 11 

CL2 | 

(foro = fmctk) |_| |_| |_| ee, Se ee See er 
CL2 

fox = ven JU UU ULL 


Notes: fucix = Output frequency of MCLK 
ferg = Output frequency of CL2 

















Figure 1 Differences between HD64645F and HD64646FS (no skew) 
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DISPTMG IY ed cy ee eee (ae 
CLI | 
(HD64645F) ects ae ee 
CL1 

OU sb466S) anne CSCS 
cL2 | 

(fora = fcuk) Se Uy Ce ele Ne cee a 


CL2 


fo = 2tmex) | LILI LILI LL LALA 55 


1 character skew 


-}| MCLK | 1 2| [3 al {5 | 15) 116 


DISPTMG a 
en 7 es: ene a as oe oe 
(HD64645F) CLK X16 | 7 

CL1- : 7 yo 

a re, MCLK x 11 | 

CL2 | 7 : 

PUP am ae i eet (a ee ee 


CL2 | 
(fora = 2fmctk) Seen 


2 character skew 


Figure 2 Differences between HD64645F and HD64646FS (skew) 
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Absolute Maximum Ratings 


Item Symbol Value Note 
Supply voltage t—i(i‘ée~O~#~#~#~#~”!”!”!~C«C OS tO HTONUU!U!U!U!U!U!U!U!UWUumUC 
Terminal voltage Vin —0.3 to Vec +0.3V 2 
Operating temperature Topr 7 —20°C to +75° 

Storage temperature Tetg - —55°C to +125°C 


Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0 VV 10%, GND = OV, Ta 
= —20°C to +75°C). If these conditions are exceeded, it could affect reliability of LSI. 

2. With respect to ground (GND = 0 V) 


Electrical Characteristics 


DC Characteristics (Vcc =5.0V ee GND =0OV, T.a=-—20°C to +75°C, unless 
otherwise noted) 


item Symbol Min Typ Max Unit Cake 
Input high voltage ee MODE, SKO,  Viy Vec—0.5 Vect0.3 V 

DCLK, ON/OFF 2.2 Vect0.3 V 

All others 20. Vec+0.3 V 
input low voltage Ail others Vic. -0.3 0.8 V 
Output high voltage — TTL Interface’ Vou 2.4 V lou = —400 nA 

CMOS Interface! Vec—0.8 Vv. lH = —400 vA 
Output low voltage TTL Interface VoL 0.4 Vv. lot = 1.6 mA 

~~ CMOS Interface | 0.8 V lo. =400 vA 
input leakage current All inputs except hie —2.5 +2.5 uA 
| DBo—DB7 

Three state (off-state) DBo—DB7 . ITsL -10 +10 uA 


leakage current 


Current dissipation? | lec 10 mA 


Notes: 1. TTL Interface: MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 

CMOS Interface: LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacitive loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may 
be produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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HD64646FS 


AC Characteristics 


CPTI intavtana ; 


~~ ow 





item | Symbol Min Typ Max Unit Figure 
RD high level width wann 190 —- = ns 3 
RD low level width tWRDL 190 — —~ ns 

WR high level width tune 190 — ~ ns 

WR low level width twwa- 190 — — ns 

CS, RS setup time tas 0 — — ns 

CS, RS hold time tay 0) — — ns 

DBo-DB7 setup time tpsw 100 — — ns 

DBo-DB7 hold time toHw 0 — _ ns 

DBo-DB7 output delay time tpprR » ae —_ 150 ns 

DBo-DB? output hold time tour 20 a as ns 





Figure 3 CPU Interface 
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HD64646F8S 


AC Characteristics (Cont) 


Memory Interface 





Item Symbol Min Typ Max Unit Figure 
DCLKcycletime = tcp 100 — — rms 4. 
DCLK high level width tWoH 30 — _ ns 
DCLK low level width twoL 30 = ee ns 
DCLK rise time tor = =, -20 ns 
DCLK fall time tor = = 20 ns 
MCLK delay time tomp ies = 60 ns 
MCLK rise time tur < a 30 ns 
MCLK fall time tut | <= = 30 ns 
MAO-MA15 delay time tmap = oe 150 ns 
MAO-MA‘15 hold time tMAH 10 — — ns 
RAO-RA4 delay time | | ae ~ = 150. ns 
RAO-RA4 hold time tRAH 10 _ = ns 
DISPTMG delay time toto aa = 150 ns 
DISPTMG hold time | toTH 10 = _ ns 
CUDISP delay time -tepp _ — 150 ns 
CUDISP hold time , tcpH 10 = = ns 
CL1 delay time | tcLip = oa 150 ns _ 
CL1 hold time | tcL1H 10 = ® Fee ns 
CL1 rise time tcLir = = 50 ns 
CL1 fall time tcLit = = 50 ns 
MDO-MD15 setup time tmps 30 — — ns 
MDO-MD15 hold time tmpH 15 = — ns 
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HD64646FS 





petk 2:2V 
0.8V 
tomo 
MCLK \ 
\W——_ 
: 2.4V 
es 1 V 
MAO—MA15 _- } ee 
RAO—RA4 | ae | 
| | | 0.4V : | 3 
DISPTMG 2.4V | 
0.4V 
CUDISP \ 
“ mDO—MD15 
(input) 


Figure 4 Memory Interface 
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HD64646FS 


AC Characteristics (Cont) 
LCD Interface 1 (at fcr2 = 3 MHz) 


item Symbol Min Typ Max Unit Figure 
FLM stetup time tes 500 = = ns 5 


FLM hold time teH 300 = = ns 
M delay time tom = er 200 ns 
CL1 high level width tcLiH 300 = = ns — 
Clock setup time tsci 500 - - ns— 
Clock hold time | tucL 100 = = ns 
Phase difference 1 tpp1 100 = = ns 
Phase difference 2 tpp2 500 - - ns 
CL2 high level width tcL2H 100 = = ns 
CL2 low level width | tcLaL 100 = = ns 
CL2 rise time tcL2r > = 50 ns 
CL2 fall time tert = = 50 ns 
Display data setup time tips 80 = aid ns 
Display data hold time | tLou 100 = = ns 


Display data delay time tlop | _ _ 30, 2 3ns 


LCD Interface 2 (at fcr2 = 5 MHz) 


Item Symbol | Min Typ Max Unit Figure 
FLM setup time . tFs 500 ad 2 ee ns Figure 5 





FLM hold time | tH 500 = - As 
M delay time | tom ie —_ 200 ns 
CL1 high level width — ten1H 300 aos a ons 
Clock setup time tscL 500 = = : ns | 
Clock hold time _ tHcL _ 100 - = ns 
Phase difference 1 tep1 70 _ - ns 
Phase difference 2 tep2 500 = = | ns 
CL2 high level width tcLoH 50 = = ns 
CL2 low level width tcLaL 50 = = ns 
CL2 rise time tcL2r cS, = 50 ns 
CL2 fall time tcLar = = 50 ns 
Display data setup time tips 30 = = ns 
Display data hold time | tLDH 30 = aa ns 
Display data delay time | top = - 30 ns 
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HD64646F 





tep1 teLiH tect 





CL1 
CL2 =< 
tLos 
tiop 
LUO-—LU4 


LDO-LD4 | 7 0.8V 


Figure 5 LCD Interface 
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HD64646FS 


AC Characteristics 


TTL Load 

Terminal Ri RR Cc Remarks 
DBo-DB7 2.442 11kO 130 pF tr, tf: Not specified 
MAO-MA15, RAO-RA4, DISPTMG, CUDISP | 2.4k0 11kQ 40 pF 

MCLK . 2.4k0 11kQ 30 pF tr, tf: Specified 


All diodes: 1$2074@) 





Capacitive Load 


_ Terminal | Cc Remarks 
CL2 — 150 pF tr, tf: Specified 
CL1 —. 200 pF os 
LUO-LU3, LDO-LD3,M | —150pF tr, tf: Not specified 
iM... Op OSS 
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HD66106F 


(LCD Driver for High Voltage) 


Description 


The HD66106F LCD driver has a high duty ratio 


and many outputs for driving a large eaeac< dot 
matrix LCD panel. 


It includes 80 LCD drive circuits and can drive at up 
to 1/480 duty cycle. For example, only 14 drivers 
are enough to drive an LCD panel of 640 x 480 dots. 
It also easily interfaces with various LCD control- 
lers because of its internal automatic chip enable 
signal generator. 


Using this LSI sharply lowers the cost of an LCD 
system. 


Features 


- Column and row driver 
80 LCD drive circuits 
Multiplexing duty ratios: 1/100 to 1/480 
4-bit parallel data transfer 
° Internal automatic chip enable signal generator 
Internal standby function 
- Recommended LCD controller LSIs: 
HD63645F and HD64645F (LCTC) 


- Power supply: +5 V + 10% for the internal logic, 


and. 14.0 V to 37.0 V for LCD drive circuits 
~¢ Operation frequency: 6.0 MHz (max.) 

° CMOS process 

- 100-pin flat plastic package (FP-100) 


Pin Arrangement 
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Pin Description 


Power supply 


Voec, GND: Vcc supplies power to the internal 
logic circuit. GND is the logic and drive ground. 


HD66106F 


Control signals 


CL1: The LSI latches data at the negative edge of 
CL1 when the LSI is used as a column driver. Fix 


to GND when the LSI is used as a row driver. 
V > V supplies power to the LCD drive cir- 
a cuca CL2: The LSI latches display data at the negative 
edge of CL2 when the LSI is used as a column 
driver, and shifts line select data at the negative 


Vi, V2, V3, and Va: Vi-V4 supply power for driving a 
edge when it is used as a row driver. 


LCD (figure 1). 
M: M changes LCD drive outputs to AC. 


Do-D3: Do-D3 input display data for the column 
driver (table 2). 


Table 1 Pin Function 





Symbol Pin No. Pin Name 1/0 
Vec 49 Veco ] 
GND 37 Ground | 
Vicp 31, 36 | Vics l 
Vi 32 LCD voltage 1 ] 
Vv, 33 V, LCD voltage 2 | 
V3 34 V, LCD voltage 3 | 
V, 35 V, LCD voltage 4 | | 
CLI 38 Clock 1 —_—_— 
CL2 40 Clock 2 | | 
M 42 M | i 
D,-D,; 46-43 Data 0 to data 3 | l 
SHL 39 Shift left | 
E 47 Enable | | 
CAR 48 . Carry O 
CH1 ——«4i Channel 1 | 
Y.-Yeo 30-1, 100-51 Drive outputs 1-80 O 
No connection _ 


NC 50 





Table 2 Relation between Display Data and 


LCD State 
Display Data LCD Outputs LCD 
1 (= high level) Selected level On 
O (= low level) Nonselected level = _ Off 


V,,.V,: Selected level © 
V;, V,: Nonselected level 





Figure 1 Power Supply for Driving. LCD 
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_HD66106F 





SHL: SHL controls the shift direction of display 


data and line select data (figure 2, table 3). 


E: E inputs the enable signal when the LSI is used 
as a column driver (CH1 = Vcc). The LSI is dis- 
abled when E is high and enabled when low. E in- 
puts scan data when the LSI is used as a row driver 
(CH1 = GND). When HD66106Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 


CAR: CAR outputs the enable signal when the 


LSI is used as a column driver (CH1 = Voc). CAR 
outputs scan data when the IST is used ac 9 raw 
driver (CH1 = GND). When HD66106Fs are con- 
nected in cascade, CAR connects with E of the next 
LSI. 


CH1: CHI selects the driver function. The chip 
drives columns when CH1 = Vcc, and rows when 
CH1 = GND. 


Y,-Ygo: Each Y outputs one of the four voltage 
levels—V,, V2, V3, or V4—according to the com- 
bination of M and display data (figure 3). 


NC: NC is not used. Do not connect any wire. 





Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used as a Row Driver) 


SHL _ Shift Direction of Shift Register 


Vcc -E > 1 —>2 > Y nnn wccenennann 
GND EF +80 ee a eee 


magne 
Ist data 2nd data Last data 






When SHL = GND 


Figure 2 Relation between SHL and Data Output (When LSI is Used as a Column Driver) 


Y output level [2p a af 


When Used as a Column Driver 






Y output level ptf 


Scan Direction of Selected Line 


Ys0 > Vay —-Y,; TUNG Sea ey CO a ee a E = Y, 


TAO TION 
‘alalalalatalalal 


Last data 2nd data Ist data 


ey 


When SHL = Vcc 


When Used as a Row Driver 





Figure 3 Selection of LCD Drive Output Level 
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Internal Block Diagram 


LCD Drive Circuits 
The HD66106F (figure 4) begins latching data when 


E goes low, which enables the data latching opera- . 


tion. It latches 4 bits of data simultaneously at the 
fall of CL2 and stops automatically (= standby 
state) when it has latched 80 bits. 


Latch Circuit 2 


When the LSI is used as a column driver, latch 
circuit 2 functions as an 80-bit latch circuit. It 
latches the data sent from latch circuit 1 at the 
fall of CL1 and transfers its outputs to the LCD 
drive circuits. 


When the LSI is used as a row driver, this circuit 
functions as an 80-bit bidirectional shift register. 
The data sent from the E pin shifts at the fall of 
CL2. When SHL = Vcc, the data shifts from bit 1 
to bit 80 in order of entry. When SHL = GND, the 
data shifts from bit 80 to bit .1. 


fs 


a x | ilel3 80-bit latch circuit and bidirectional orlaalrs 
|) TT shift register (Latch circuit 2) 


YW 2 Y © Y eee © YY TY 
PA IE A ER A TTT a TTI EST TD 





HD66106F 


Latch Circuit 1 


Latch circuit 1 is composed of twenty 4-bit parallel 


‘data latches. It latches the display data Do-D3 at 


the fall of CL2 when the LSI is used as a column 
driver. The signals sent from the selector deter- 
mine which 4-bit latch should latch the data. 


Selector 


The selector is composed of a 5-bit up and down 
counter and a decoder. When the LSI is used as a 
column driver, it generates the latch signal to be 
sent to latch circuit 1, incrementing the counter at 
the negative edge of CL2. 


Controller 


The controller operates when the LSI is used as a 
column driver. It stops data latching when twenty 
pulses of CL2 have been input (= power-down 
function) and automatically generates the chip 
enable signal announcing the start of data latching 
into the next LSI. 


Yn Yr Yo Yoo 


Figure 4 Block Diagram | 
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HD66106F 
F aneional Description 


A ake TS. a. Fn we 6 
VYSEUIL WOU Gd d UVIUINE VIivVer 


The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically (= standby state) 
when it has latched 80 bits. 


When SHL = GND 


Yeo 


When SHL = Voc 


Yi 





Data outnuts change at the fall nf CT 1 Tatched 


data d, is transferred to the output pin Y, and 


dgo to Ygg9 when SHL = GND. Conversely, dgo is 
transferred to Y, and d, to Ygo when SHL = Vcc. 
The output level is selected out of V,-V4 accord- 
ing to the combination of display data and the 
alternating signal M (figure 5). 


Figure 5 Column Driver Timing Chart 
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HD66106F 


When Used as a Row Driver 


The HD66106F shifts the line scan data sent from In both cases, the data delayed for 80 bits by the 
the pin E in order at the fall of CL2. When SHL = shift register is output from the CAR pin to be- 
Vcc, data is shifted from Y: to Ygo and Ygo to Yi come the line scan data for the next LSI (figure 6). 
when SHL = GND. 





When SHL = Vcc 
(Next LSI). 


When SHL = GND 





Figure 6 Row Driver Timing Chart 
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HD66106F 


LCD Power Supply 


Thi sectian eyniaine tha ranaa af nnwrar aianlss: 
a <i sa on beeen! > a —— views ade ted yt 


voltage for driving LCD. V, and V; voltages 
should be near Vy cp, and V, and V4 should be 


near GND (figure 7). Each voltage must be within 


AV. AV determines the range within which Ron, 


ulupeualice OI Griver § OUTpUt, 1s stable. Note that 
AV depends on power supply voltage Vj cp-GND 
(figure 8). 





Figure 7 Driver’s Output Waveform and Each Level of Voltage 


Range of power supply voltage 


Vico -~GND (V) 





Figure 8 Power Supply Voltage Vicop-GND and AV 
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HD66106F 





Application Example 


Application Diagram 


of 640 x 400 dots driven by HD66106Fs. 


Figure 9 shows an example of an LCD panel 
















seg640 


> 
seg639 | 


HD66106F (13) sa 






LCD panel 
640 x 400 dots 
1/400 duty ratio 


Controller 


ontrast 
O 


R, R fe 
+ 37V . +5V - 
Notes: 1. R, and R, depend on the LCD panel in use. When using an LCD panel with 1/20 bias, R, /(4R, + 
R,) should be 1/20. For example, R,; = 3kQ and R2 = 48kQ. 
2. Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two 
capacitors with some 0.1 uF per LSI, putting one between V; cp and GND, and the other be- 
tween Vcc and GND. 3 | 


Figure 9 Application Example 
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20 40 160 Horizontal retrace period 


CL2 | ALAA —------ ------------------- -- TAN TTT 


Cli 
D.-D,  _ XXXXXXXXXXXX XX Tom __ nr 
CAR(LSI 6)__ Latches LSI 6 data 


CAR(LSI 7). Latches LSI 7 data 7 
CAR(LSI 8) Latches LSI 8 data : 


CAR(LSI 9) Latches LS19 data | _ 


GAR(LSI 10) Latches LSI 10 data 
| CAR(LSI 11) Latches LSI 11 data 

CAR(LSI 12) _ Latches LSI 12 data 

CAR(LSI 13) | ) Latches LSI 13 data 
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HD66106F 


Frame _ 
78 79 ~ 80 «681 398 399 400 


Line 


ee ee ee 
——_ o 

> a om oe oe 

a ee 


LSI 1 

CL2 
CAR 
LSI 2 


(x) s > > 
Figure 11 Timing Waveform for Row Drivers (LSI 1-LSI 5) 
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HD66106F 





Absolute Maximum Ratings 


Item Symbol Rating Unit Notes 











Supply Logic circuits Voc —0.3 to +7.0 Vv 1 

Voltage LCD drive circuits Veep ’ —0.3 to +38 YM 1 

Input voltage (Logic) Vi ~—0.3 to Vec + 0.3 V 1,2 
“Input voltage (LCD drive) ==—s—“<‘é‘é ~~”! 8 tO 08. CV 1,3 

Operation temperature T opr —20 to +75 ip & 

Storage temperature Tstg >: —55 to +125 “mC 





Notes: 1. Reference point is GND (= 0 V). 
2. Applies to the input pins for logic circuits. 
3. Applies to the input pins for LCD drive circuits. . 
4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSls should usually be used 
under electrical characteristics for normal operations. Exceeding any of these limits may adversely affect reli- 
ability. 
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HD66106F 


Electrical Characteristics 


DC Characteristics (Vcc = 5 V + 10 %, Vicp = 14 V to 37 V, Ta = —20°C to 75°C unless otherwise noted) 





item Symbol Pin Min Typ Max Unit Test Condition Notes 
Input high voltage Vin CL1, CL2, M, SHL, 0.8 x Vcc — Vcc V 
Input low voltage Vi Do—D3,E,CH1 0 — 0.2xVec V 
Output high voitage Vow CAR . Veo ~0.4- = - V lon = —0.4 mA 
Output low voitage VoL | — — 0.4 Vv lo. = 0.4 mA 
Vi-Yj on resistance Ron Y1-Ygo0,V1-V4  — _ 3.0 kQ lon = 100 pA 4 
Input leakage current(1) 1).4 CL1, CL2,M,SHL, —5.0 _ 5.0 HA Vin = Vec to GND 
Do—D3, E, CH1 
Input leakage current(2) l)L2 Vi—Va4 -500 — 50.0 uA Vin = Vicp to GND 
Current consumption(1) Ico, | — — 3.0 mA fcLi2 = 6 MHz, 
(2) ILep1 = - 0.5 mA fe_, = 28 kHz 1 
(3)isp ~~ SSOt*=<“Cs~Ctsi‘ ; ; Ot*C SS” OCA At the standby state 2 
| fog = 6 MHz, 
for, = 28 kHz 
(4) Ioce2 | _ _ 0.2 mA fo., = 28 kHz, 1. 
(5) Incp2 - - 0.1 mA fm = 35 Hz 3 





=< 


Notes: 1. Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive current 
flows from the power supply through the input circuit. Vj,4 and Vi, must be fixed at Vcc and GND respectively 
to avoid it. 
. Applies when the LSI is used as a column driver. 
. Applies when the LSI is used as a row driver. 
. Indicates the resistance between Y pin and V pin (one of V4, V2, V3, and V4) when it supplies load current to 
one of Y1—Ygo pins. . 
Conditions: Vico — GND = 37 V 
Vi. V3 = Vicpb at 2/20 (Vicpb _ GND) 
Vo, V4 = GND + 2/20 (VicD — GND) 


& WN 


Y pin (Y1—Ygo) 
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AC Characteristics (Voc = 5 V + 10 %, Vicp = 14 V to 37 V, Ta = —20°C to +75°C unless otherwise noted) 



































Column Driver | 
item | Symbol Pin Min Typ Max Unit Notes 
Clock cycle time | teye CL2 166 —- - ns 
Clock high level width towH CL2 50 — _ ns 
Clock low level width tow. CL2 50 _ _ ns 
Clock setup time tscL CL2 200 ~ _ ns 
- Clock hold time tHCL CL2 200 = — ns 
Clock rise/fall time tot CL1,CL2 — ~ 30 ns 
Data setup time tosu Do—D3 30 —- = ns 
Data hold time ton Do-—D3 30 _ - ns 
E setup time tesu E 50 _ ~ ns 
Output delay time tocar CAR — ~ 80 ns 1 
M phase difference tem M,CL1 _ _ 300 ns 
Row Driver 
item Symbol Pin Min Typ | Max Unit Notes 
Clock low level width twL1 CL2 5 _ _ Ms 
Clock high level width  twH4 CL2 125 _ = ns 
Data setup time tos E 100 — - ons 
Data hold time tou £E 30 — _ ns 
Data output delay time top | CAR — _ 3 Ls 1 
Data output hold time toHw CAR 30 _ - ns 1 
Clock rise/fall time tet CL2 _ _ 30 ns 





Note: 1. Values when the following load circuit is connected: 


Test point = 


30 pF 
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- HD66106F 


Column Driver 


CL1 


ct 


CL2 | 
tcwn 
tet t 


Doe— Ds 





Figure 12 Controller Interface of Column Driver 
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HD66106 





Row Driver 





- Figure 13 Controller Interface of Row Driver 
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HD66107T 
(LCD Driver for High Voltage) 


Description 

The HD66107T is a multi-output, high duty @ Internal standby mode 

ratio LCD driver used for large capacity dot @ Recommended LCD controller LSIs: 

matrix LCD panels. It consists of 160 LCD HD63645F, HD64645F, and HD64646FS 

drive circuits with a display duty ratio up to (LCTC), HD66840/HD66841 (LVIC), 
- 1/480: the seven HD66107Ts can drive a 640 x HD66850 (CLINE) 

480 dots LCD panel. Moreover, the LCD driver @ Power supply voltage 

enables interfaces with various LCD control- —internal logic: +5 V + 10% 

lers due to a built-in automatic generator of —LCD drive circuit : 14.0 to 37.0 V 


Operation frequency: 8.0 MHz (max.) 
CMOS Process 
192-pin TCP (Tape Carrier Package) 


chip enable signals. Use of the HD66107T can 
nelp reduce the cost of an LCD-panel config- 
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 





Pin Description 





Power Supply 


Features 
3 Vec, GND: Vcc supplies power to the internal 

@ Column and row driver logic circuits. GND is the logic and drive 
@ 160 LCD drive circuits ground. | 7 
@ Multiplexing duty ratios: 1/100 to 1/480 , 
@ 4-bit and 8-bit parallel data transfer Vicp,: Vicp supplies power to the LCD drive 
@ Internal automatic chip enable signal circuit. 

generator | 





Table 1 Pin Function 





Symbol Pin No. Pin name | Input/output 

Vec 167 Vec 

GND 161, 186, 187 Ground 

Vip 166, 192 | Vicp 

V1IL, R 191, 165 V1iL, VIR 

V2L, R 188, 162 | V2L, V2R 

V3L, R 190, 164 V3L, V3R 

V4L, R 189, 163 V4L, V4R 

CL1 183 Clock 1 ~ Input 

CL2 : 184 Clock 2 Input. 

M 182 | M Input 

Do-D7 174-181 DATAO-DATA7 Input 

SHL 172 Shift left | Input 

CH2 171 Channel 2 Input 

BS 173 _ Bus Select Input 

TEST | 185 TEST Input 

Y1-Y160 1-160 Y1-Y160 Output 

SHL 172 Shift left Input 

E 169 — Enable Input — 

CAR 168 Carry i . Onput 

CH1 170 Channel 1 Input 
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HD66107T 


Vit, Vir, Vat, Var, Vat, V3r, Vat, Var: Vi to Va 
supply power for driving an LCD (fiqure 1). 


Control Signal 


CL1: The LSI latches data at the negative 
edge of CL1 when the LSI is used as a column 
driver. Fix to GND when the LSI is used as a 
row driver. 


CL2: The LSI latches display data at the 
negative edge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 
the negative edge when it is used as a TOW 
driver. 


M: M changes LCD drive outputs to AC. 


Do-D7: Do-D7 input display data for the col- 


umn drivar ftahla 9\ 


| 
SHL: SHL controls the shift direction of dis- 
play data and line select data (figure 2, table 
3). 


E: E inputs the enable signal when the LSI is 
used as a column driver (CH1 = Vcc). 


The LSI is disabled when E is high and ena- 
bled when low. E inputs scan data when the 
LSI is used as a row driver (CH1 = GND). 


When HD66107Ts are connected in cascade, 





E connects with CAR of the preceding LSI. 


CAR: CAR outputs the enable signal when 
the LSI is used as a column driver (CH1 = V 


cc). 





Table 2 Relation between Display data 
| : and LCD state 


Display Data 
1 (=high level) 
O (=low level) 


LCD Output LCD 
ViL, R/V2L, R On 
Nonselected level Off 


V1, V2: selected level 
V3, V4: nonselected level 





Figure 1 Power Supply for Driving an LCD 
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Figure 2 Relation between SHL and Data Output 
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CAR outputs scan data when the LSI is used 
as a row driver (CH1=GND). When 
HD66107Ts are connected in cascade, CAR 
connects with E of the next LSI. 7" 


CH1: CHi selects the driver function. The chip 
devices are columns when CHi1 = Vcc, and 
commons when CH1 = GND. 


CH2: CH2 selects the number of output data 
bits. The number of output data bits is 160 
when CH2 = GND, and 80 when CH2 = Vcc. 


HD66107T 


BS: BS selects the number of input data bits. 
When BS = Vcc, the chip latches 8-bits data. 
When BS = GND, the chip latches 4-bits data 
via Do to D3. Fix Da through D7 to GND. 


TEST: Used for testing. Fixed to GND, other 
wise. | 


LCD Drive Interface 
Y1-Y160: Each Y outputs one of the four volt- 


age levels-V:, V2, V3, Va-according to the 
combination of M and display data (figure 3). 





Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used 


as Common Driver) 


SHL Shift Direction of Shift Register 
Vec E> 1>-> 22> 3 4------ — 160 
GND E> 


5 


Y output level Vi V3 V2 v7 


When used as a column driver 


160 159- 158—- 157----—--— 


Scan Direction of Selected Line 
Yio Y2> Y3> Y4------ 3160 
Y160— Y159—> Y158—> Y157--—--——— Y14 


D 


Y output | | | 
V2 V3 V1 V4 


When used as a common driver 





Figure 3 Selection of LCD Driver Output Level 
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Block Diagram 
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Function 
LCD Drive Circuits 


The LCD drive circuits generate four levels of 
voltages-V:, V2, V3, and Va-for driving an LCD. 
They select and transfer one of the four levels 
to the output circuit according to the combi- 
nation of M and the data in the latch circuit 2. 


Latch Circuit 2 


Latch circuit 2 is used as a 160-bit latch cir- 
cuit during column driving. Latch circuit 2 


latches data input from latch circuit 1 at the 


falling edge of CL1 and outputs latched data 
to the drive circuits. 


In the case of row driving, latch circuit 2 is 


used as a 160-bit bidirectional shift register. 


Data input from E is shifted at the falling 
edge of CL2. When SHL = Vcc, data is shifted 
-in input order from bit 1 to bit 160 of the shift 
register. When SHL = GND, data is shifted 
from bit 160 to bit 1 of the reister. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case, Ya through Yi20 are 
enabled, while the other bits remain un- 
changed. 


Latch Circuit 1 
Latch circuit 1 consists of twenty 8-bit paral- 


lel data latch circuits. It latches data Do 
through D7 at the falling edge of CL2 during 


HD66107T 


column driving. The selector signals specify 
which 8-bit circuit latches data. Moreover, 
this circuit can be used as forty 4-bit parallel 
data latch circuits by switching BS, in which 
case the circuit latches data Do through D3. 
Moreover, this latch circuit can be used as an 
80-bit shift register. In this case Y4: through 
Yizo are enabled, while the other bits remain 
unchanged. 


Selector 


The selector consists of a 6-bit up and down 
counter and a decoder. During column driv- 
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the falling 
edge of CL2. . 


Controller 


This controller is enabled during column 
driving. It provides a power-down function 
which detects completion of data latch and 
stops LSI operations. 


Moreover, the controller automatically gen- 
erates a chip enable signal (CAR) which 
starts next-stage data latching. 

Test Circuit 


The test circuit divides the external clock and 
generates test signals. | 


HITACHI 





; Hitachi America, Ltd. © Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 535 














HD66107T 


Fundamental Operations 
Column Driving (1) 


-CH2 = GND (160-bit data output mode) 
-BS = Vcc (8-bit data latch mode) 


The HD66107T starts data latch when E is at 
low level. In this case, 8-bit parallel data is 
latched at the falling edge of CL2. When 160- 
bit data latch is completed, the HD66107T 
automatically stops and enters standby mode 
and CAR is goes to low level. If CAR is con- 





SHL = GND 


‘nected with E of the next-stage LSI, this next- 


stage LSI is activated when CAR of the pre- 
vious LSI goes low. 


Data is output at the falling edge of CL1. 
When SHL = GND, data di: is output to pin Y1 
and digo to Yigo. On the other hand, when SHL 
= Vcc, data digo is output to pin Y1 and di to 
Yieo. The output level is selected from among 
Vi-V4 according to the combination of display 
data and alternating signal M. See figure 4. 


Y; K dy 


| 


SHL = Vec 


Y; X diso 


| 





Y160 , . x di6o 


7 


Figure 4 Column Driver Timing Chart (1) 
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4-bit display data (Do-D3) is latched at the 
falling edge of CL2. Other operations are 
-CH2 = GND (160-bit data output mode) performed in the same way as described in 
- BS = GND (4-bit data latch mode) “Column Driving (1)”. See figure 5. 


Column Driving (2) 


CL1 
CAR 


SHL = GND 


Yi | X d; 
Y160 X diso 


SHL = Vec 





Figure 5 Column Driver Timing Chart (2) 
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Column Driving (3) 


-CH2 = Vcc (80-bit data output mode) 
+ BS = Vcc (8-bit data latch mode) | 


When CH2 is high (Vcc), the HD66107T can be 
used as an 80-bit column driver. In this case, 
Ya, through Yiz0 are enabled, the states of 


SHL = GND 


| | 


Y; through Yao and Yi21 through Yieo remain 
uncnangea. 


When SHL = GND, data di is output to pin 
Yai and dgo is output to Yiz0. Conversely, when 
SHL = Vec, data dgo is output to Yai and di is 
output to Yiz0. See figure 6. 





Figure 6 Column Driver Timing Chart (3) 
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When CH2 = Vcc and BS = GND, 4-bit paral- 


Column Driving (4) 
lel data is latched, while 80-bit data is output. 


- CH2 = Vec (80-bit data output mode) The output of latched data is performed in 
- BS = GND (4-bit data latch mode) described in “Column Driving (3)”. See figure 
7. 





Figure 7 Column Driver Timing Chart (4) 
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Common Driving (1) When SHL = Vcc, 160-bit data is shifted from 
ea wo ferre @vuacLreas: % Vwrias 12k — GIND, uaa Ib 

- CH2 = GND (160-bit data output mode) shifted from Yieo to Yi. In both cases the 
HD66107T outputs the data delayed for 160 

The HD66107T shifts line scan data input bits by the shift register through CAR, 
through E at the falling edge of CL2. becoming line scan data for the next IC 


driver. See figure 8. 


(next stage) 





Figure 8 Common Driver Timing Chart (1) 
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Common Driving (2) 
- CH2 = Vcc (80-bit data output mode) 


When CH2 is high, the HD66107T can be used 
as an 80-bit row driver. In this case, Yai to 
Yi20 are enabled, while the other bits remain 
unchanged. 


SHL=GND 





HD66107T 


Line scan data input through E is shifted at 
the falling edge of CL2. When SHL = Vcc, 
data is shifted from Ya: to Yi20. Conversely, 
when SHL = GND, data is shifted from Yi2o to 
Ya1. In both cases the HD66107T outputs the . 
data delayed for 80 bits by the shift register 
through CAR, becoming line scan data for the 
next LSI. See figure Q. 


(next stage) 
1 


1 


Figure 9 Common Driver Timing Chart (2) 
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LCD Power Supply should be near GND (figure 10). Each voltage 
must be within AV. AV determines the range 
This section ayvnlaine tha range of rower Vviesaaaa vviaitus KON, Wupeaance OI driver's 


supply voltage for driving LCD. Vi and V3 output, is stable. Note that AV depends on 
voltages should be near Vipc, and V2 and Va power supply voltage Vicp-GND (figure 11). 





Figure 10 Driver’s Output Waveform and Each Level of Voltage 


Range of power supply voltage 


Vicn ~GND (V) 





Figure 11 Power Supply Voltage Vico-GND and AV 
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two 0.14F capacitors per LSI; one is connected between Vcc and GND, and the other between Vicp and GND. 
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Waveform Examples 
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Common Driving 
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Figure 14 Common Driver Timing Chart 
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Absolute Maximum Rating 


item ; Svmbol _ Ratina of Linit Nate 


Power supply voltage Logic circuit — Vec -0.3-+7.0 V 1 
LCD drive circuit Vico -0.5-+38 V 1 

Input voltage (1) : Vr | —0.3-Vect+0.3 V 1,2 

Input voltage (2) : Vr2 —-0.3-Vicpt0.3 V 1,3 

Operation temperature cae —20-—+75 Cc 

Storage temperature Tstg —-§5~—+125 °C 


Notes:1. Reference point is GND (= OV). 

Applies to input pins for logic circuit. 

Applies to input pins for LCD drive circuits. | 

if the LS! is used beyond absolute maximum ratings, it may be permanently damaged. It 


should always be used within the above electrical characteristics to prevent malfunction or 
degradation of the LSI's reliability. 


sade 
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Electrical Characteristics 
DC Characteristics (Vcc = 5 V + 10%, Vicp = 14 to 37 V, Ta = —20 to 75°C) 





Item Symbol Pins Min. Max. Unit Condition —_—Note 
Input high voltage Vin CL1,CL2,M 0.8XVec Vee V 
SHL, BS, CH2, 
Input low voltage Vit TEST, Do-D7, 0 0.2 x Vcc V 
E, CH1 
Output high voltage Voy CAR Vec—-0.4 = V lon= —-0.4 mA 
Output low voltage Voi = 0.4 V loL=0.4 mA 
Vi-Yj on resistance — Ron Y1—Y160, - 3.0 ko, lon=150 nA 
| Vi-V4 | 
Input leak current (1) = finy CL1,CL2,M -—5.0 5.0 uA Vin=Vec- GND 
SHL, BS, CH2, 
TEST, Do—D7, 
E, CH1 
Input leak current (2) ino V1—-V4 * —100 100 LA Vin=Vicp ~ GND 
Power dissipation (1) Icc1 - 5.0 mA fo.2=8 MHz 1 
Power dissipation (2) Itcp; = 2.0 mA for1 =28 kHz 
Power dissipation (3) Ist - 0.5 mA In standby 
, mode: 
for.2=8 MHz, 1 
| fo.1=28 kHz 2 
Power dissipation (4) Icco = 1.0 mA fini =28 kHz 1 
Power dissipation (5) = Iicp2 = 0.5 mA fm=35 Hz 3 


Notes:1. Input and output current is excluded. When an input is at the intermediate level is CMOS, 
excessive current flows from the power supply though the input circuit. To avoid it, Vin and 
Vit must be fixed to Vcc and GND respectively. 
2. Applies to column driving. 
3. Applies to row driving. 
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AC Characteristics (Vcc = 5 V + 10%, Vico = 14 to 37 V; Ta = —20 to 75°C) 


te en, ee e 
WWSUSSESs LIL EV ALLY 


Item Symbol | Pin name Min. Max. Unit Note 
Clock cycle time teyc CL2 125 - As 
Clock high-level width tcwH CL2 30 ~ ns 
Clock low-level width tewL — .CL2 | 30 - ons 
Clock setup time tscL CL2 200 = ns 
Clock hold time tHcL CL2 200 = ns 
Clock rising/falling time tct CL1, CL2 = 30 ns 
Data setup time tosu Do-D7 30 = ns 
Data hold time | tou Do-—D7 30 _ ns 
E setup time —tesy E 25 ~ ns 
Output delay time __ tocar CAR - 70 ns 1 
M phase difference tem M, CL1 = 300 ns 


Notes:1. Specified when connecting the load circuit shown in figure 15. 


Test point eee 


1, 


Figure 15 Test Circuit 
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Figure 16 Controller Interface of Column Driver 
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Common Driving 


Item | ne Symbol Pin name Min. $May. Linit Rata 
Clock low-level width twit '  CL2 5 - sss 
Clock high-level width twHi CL2 60 = ns 
Data setup time tos E 100 — ns 
Data hold time ton | E 30 - ns 
Data output delay time top CAR ~ 3 KS 1 
Data output hold time toHw CAR 30 = ns 1 
Clock rising/falling time tet CL2 oa 30 ns 
CL2 , Vin twit 
Vit ; twut 
tet ter 
tos ——tpn 
£E Vin ) 
Input data Vi 
top 
| CAR NY Vin 
Output data Vin 
tow 


Figure 17 Controller Interface of Common Driver 
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(RAM-Provided 165-Channel LCD Driver 
for Liquid-Crystal Dot Matrix Graphics) 


Description 


The HD66108T under control of an 8-bit MPU 
can drive a dot matrix graphic LCD (liquid-crystal 
display) employing bit-mapped display with support 
of an 8-bit MPU. 

Use of the HD66108T enables a simple LCD system 
to be configured with only a small number of chips, 
since it has all the functions required for driving the 
display. 

The HD66108T also enables highly-flexible display 
selection due to the bit-mapped method, in which one 
bit of data in a display RAM turns one dot of an LCD 
panel on or off. A single HD66108T can display a 
maximum of 100 x 65 dots by using its on-chip 165 
xX 65-bit RAM. Also, by using several HD66108T's, 
a display can be further expanded. 

The HD66108T employs the CMOS process and 
TAB package. Thus, if used together with an MPU, it 
can provide the means for a battery-driven pocket- 
size graphic display device utilizing the low current 
consumption of LCDs. . 


Features 


e Four types of LCD driving circuit configurations 


can be selected: 


No. of 
Column _ No. of Row 
Outputs Outputs 


Column outputs only 165 0 
65 (from left: 32, 


Configuration Type 


Row outputs from the 100 


left and right sides from right: 33) 
~ Row outputs from the 100 65 

right side 1 | 

Row outputs fromthe 132 33 

right side 2 


e Seven types of multiplexing duty ratios can be 
selected: 1/32, 1/34, 1/36, 1/48, 1/50, 1/64, 1/66 
Notes: The maximum number of row outputs is 65. 

¢ Built-in bit-mapped display RAM: 10 kbits (165 x 
65 bits) 

¢ The word length of display data can be selected 
according to the character font: 8-bit or 6-bit 

¢ A standby operation is available 

¢ The display can be extended through a multi-chip 
operation 

¢ A built-in CR oscillator 3 

¢ An 80-system CPU interface: ® = 4 MHz 

¢ Power supply voltage for operation: 2.7 V to 6.0 V 

¢ LCD driving voltage: 6.0 V to 15.0 V 

¢ Low current consumption: 400 HA max (at f,,, = 
500 kHz, f,... is external clock frequency) 


OSC 


¢ Package: 208-pin TCP (Tape-Carrier Package) 
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Chip terminals 
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Note: The above view is seen from the grinded surface of the chip, not TCP. 
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_ Pin Description 


Classification 
Power 


Supply 


CPU 
Interface 


LCD Driving 
Output 


LCD 
interface 


Control 
Signals 


No. 

of Pins 

8, 9, 35, 36 
“12~ 14 

1, 43 


2,7 

37, 42 
4,5 

6, 39, 38 
3, 40, 41 


23 


25 
26 
24 
27~34 


44~208 
21 
20 


22 


10 
11 


19 
18 


17 


. Symbol 


Vool—Voo4 
GND1-GND3 
Veet, Veg? 


V6L, ViL, 
V1R, V6R, 


VML1—VML3 
CS 


| al $ 


DBO—DB7 
X0-X164 


FLM 


CL1 


OSC1 
OSC2 


CO 


vO 


/O 


VO 


/O 


I 
O 


O 


No. 


of Pins 


4 
3 
2 


OO | md | net | ot 


165 


1 
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Function 
Connect these pins to V,,. 
Ground these pins. 


These pins supply power to the LCD driving 
circuits and should usually be set to the V6 
level. 


Apply an LCD driving voltage V1 to V6 to 
these pins. 


Input a chip select signal via this pin. ACPU 
can access the HD66108T's internal 
registers only while the CS signal is low. 


Input a write enable signal via this pin. 
Input a read enable signal via this pin. 
Input a register select signal via this pin. 


Data is transferred between the HD66108T 
and a CPU via these pins. 


These pins output LCD driving signals. 

The XO—X31 and X100—X164 pins are 
column /row common pins and output row 
driving signals when so programmed. X32— 
X99 pins are column pins. 


This pin outputs a first line marker when the 
HD66108T is a master chip and inputs the 
signal when the chip is a slave chip. 


This pin outputs latch clock pulses of display 
data when the chip is a master chip and 
inputs clock CL1 pulses when the chip is a 
slave chip. 


This pin outputs or inputs an M signal, which 
converts LCD driving outputs to AC; it 
outputs the signal when the HD66108T is a 
master chip and inputs the signal when the 
chip is a slave chip. 


Input system clock pulses via this pin. 
This pin outputs clock pulses generated by 
the internal CR oscillator. 


This pin outputs the same clock pulses as 
the system clock pulses, the OSC1 pin of a 
slave chip. 





Connect with the OSC1 pin of a slave chip. 


This pin specifies master/slave. Set this pin 
low when the HD66108T is a master chip 
and set high when the chip is a slave chip; 
must not be changed after power-on. — 


Input a reset signal via this pin. Setting this 


| pin low initializes the HD66108T. 


15, 16 


M/S 1 
RESET | 1 
TEST1, I 2 
TEST2 

HITACHI 


These pins input a test signal and should 
usually be set low. 
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Internal Block Diagram 
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Register List 


Reg. No. Reg. Register Read Data Bit Assignment 


CSRS2 1 0 SymboiName Write 7 | | 5 | 4 | 3 | 2 | 14 | © [Busy time 


1----- Invalid - GLU OOO: 


0 0 - —- — AR _ Address__R 2 Register No None 

0 1 0 0 O DRAM ey aa 8 clocks max 

iin 7/77 

gee SE ie a7 A = 5 clocks a 

0 1 0 1 1 FCR Control A WLS on Bal DUTY ais 

0 1 1 0 0 MDR Mode A YY, FFS Sak None 

0 1 1 0 1 CSR Ceelec oe | CLN ae 

ae ALIN, 
MMM 


Notes: 1. Shaded bits are invalid. Writing 1 or 0 to invalid bits does not affect LSI operation. Reading 
these bits returns 0. 

2. DRAM is not actually a register but can be handled as one. 

3. Setting the WLS bit of control register to 1 invalidates D7 and D6 bits of the display memory 
register. 

4. DRAM must not be written to or read from until a time period of t,,, has elapsed rewriting 
the DUTY bit of FCR or the FFS bit of MDR. t,,, can be obtained from the following 
equation; in general, a time period of 1ms or greatet is sufficient if the frame frequency is 
60-90 Hz. 





- D2 
ou Ni*foyy (KHz) 


D2 (duty correction value 2) : 192 (duty = 1/32, 1/34, or 1/36) 
128 (duty = 1/48 or 1/50) 
96 (duty = 1/64 or 1/66) 
Ni (frequency-division ratio specified by the mode register's FFS bits) 
2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 
Refer to "6. Clock and Frame Frequency." 
Input clock frequency (kHz) 


t (ms) --- Equation 1 


CLK ° 
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System Description 


The HD6610RT ran accian a mavimum af FE 5--+ 
of 165 channels to row outputs for LCD driving 
. It also incorporates a timing generator and display 


memory, which are necessary to drive an LCD. 


If connected to an MPU and supplied with LCD 


driving voltage, one HD66108T chip can be used © 
to configure an LCD system with a 100 x 65 dot | 


panel (figure 1). In this case, clock pulses should 
be supplied by the internal CR oscillator or the 
MPU. 


Control bus 


=> 


Data bus 





Figure 1 Basic System Configuration (1) 


Using WOU CApalsiul Ssiguiais CLI, PLM, and M 
enables the display size to be expanded. In this case, 
LCD expansion signal pins output corresponding 
signals when pin M/S is set low for master mode 
and conversely input corresponding signals when 


pin M/S is set high for slave mode; LCD expansion 


signal pins of both master chip and slave chips must 
be mutually connected. Figure 2 shows a basic 
system configuration using two HD66108T chips. 


100 x 65-dot LCD 


100-column output | 


HD66108T 


LCD driving 
power supply 
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265 x 65-dot LCD 


165-column 7 100-column 
Control bus output output 


ata bus (Master chip) 


ram HD66108T | HD66108T 
» (Stave chip) 
LCD expansion signals 


LCD driving 
power supply 


Figure 2 Basic System Configuration (2) 


te 
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HD66108T 
Functional Description 


1. Display Size Programming 


A variety of display sizes can be programmed by 
changing the system configuration and internal 
register settings. 


(1) System Configuration Using 1 HD66108T 
Chip 

When the 65-row-output mode is selected by internal 

register settings, a maximum of 100 dots in the X 


direction can be displayed (figure 3 (a)). Display 


size in the Y direction can be selected from 32 , 
34, 36, 48, 50, 64 , and 65 dots according to display 
duty setting. Note that Y direction settings does not 
affect those in the X direction (100 dots). 


When the 33-row-output mode is selected by internal — 


register settings, a maximum of 132 dots in the X 
direction can be displayed (figure 3 (b)). 


Table 1 shows the relationship between display 


sizes and the control register’s (FCR) ROS and 
DUTY bits. ROS and DUTY bit settings determine 
the function of X pins. For more details, refer to 
“ 4.1 Row Output Pin Selection.” 


(2) System Configuration Using 1 HD66108T 

Chip and 1 HD61203 Chip as Row Driver 
A maximum of 64 dots in the Y direction and 165 
dots in the X direction can be displayed. 48 or 64 
dots in the Y direction can be selected by HD61203 
pin settings (figure 3 (c)). 


(3) System Configuration Using 2 or more | 
HD66108T Chips 

X direction size can be expanded by 165 dots per 

chip. Figure 3 (d) shows a 265 x 65-dot display. 

Y direction size can be expanded up to 130 dots 

with 2 chips; a 100 x 130-dot display provided by 

2 chips is shown in figure 3 (e). 


Table 1 Relationship between Display Size and Register Settings (No. of Dots) 


ROS Bit Setting Duty Bit Setting (Multiplexing Duty Ratio) | 
(X0-X164 Pin Function) 1/32 1/34 1/36 1/48 1/50 1/64 1/66 
165-column-output Specified by a row driver 
65-row-output from the X:100 X:100 %X:100 X:100 X:100 X: 100 #£X: 100 
right side Y: 32 Y:34 Y:36 Y: 48 Y: 50 Y: 64 Y: 65 

_ 65-row-output from the X:100 X:100 X:100 X:100 #X:100 X: 100 X: 100 
left and right sides Y: 32 Y: 34 Y: 36 Y: 48 Y:50  Y: 64 Y: 65 
33-row-output from the X: 132 %:1382 %:132 %:132 X:132 %: 132 X: 132 
right side Y: 32 ¥: 33 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33 
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K-——— X: 100 dots —— k————- X: 182 dots ——_——_ 


a ae 
Y: 33 
vne ake dots 


dots (b) Configuration Using 1 HD66108T Chip (2) 


(33-Row Output from the Right Side) 





as 


(a) Configuration Using 1 HD66108T Chip (1) 
(65-Row Output from the Right Side) 


SS X16 dots 


(c) Configuration ising 1 HD66108T Chip and 1 HD61 203 as Row Driver 
(165-Column Output) 


kx: 265 1 SSeS 


Area displayed by Area displayed by 


chip 1 chip 2 





(d) Configuration Using 2 HD66108T Chips (1) _ 


kK x: 100 dots —— 





Area displayed by 


Y: 130 
dots 


Area displayed 
by chip 2 





| (e) Configuration Using 2 HD66108T Chips (2) 


Figure 3 Relationship between System Configurations and Display Sizes 
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2. Display Memory Construction and Word 
Length Setting 


The HD66108T has a bit-mapped display memory 
of 165 x 65 bits. As shown in figure 4, data from 
the MPU is stored in the display memory, with the 
MSB (most significant bit) on the left and the LSB 
(least significant bit) on the right. 


The sections on the LCD panel corresponding to 
the display memory bits in which 1’s are written 
will be displayed as on (black). 


Display area size of the internal RAM is determined 
by control register (FCR) settings (refer to table 1). 


The start address in the Y direction for the display 
area is always YO, independent of the register setting. 
In contrast, the start address in the X direction is 
X0 in the modes for 165-column-output, 65 -row- 
output from the right side, and 33-row-output from 


the right side, and is X32 in the 65 a mode | 
from the left and right sides. 


Each display area contains the number of dots shown 
in table 1, beginning from each start address. 


For more detail, refer to “ 4.2 Row Output Data 
Setting, “ figures 15 to 19. 


In the display memory, one X address is assigned 
to each word of 8 or 6 bits long in X direction. 
(Either 8 or 6 bits can be selected as word length © 
of display data.) Similarly, one Y address is assigned 
to each row in Y direction. 


Accordingly, X address 20 in the case of 8-bit word 
and X address 27 in the case of 6-bit word have 
5 and 3 bits of display data, respectively. 
Nevertheless, data is also stored here with the MSB 
on the left (figure 5). 
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Display on 


165 x 65 —dot LCD 


ee @¢ ee e8  e©  @  # 6 
ee e @ @ @ 
ee e«  e®  @  « 
. 8  @®  @ 


165 x 65 — bit 
display memory 


. Y direction 





Figure 4 Relationship between Memory Construction and Display 


: X address 
($00) ($01) ($02) ($12) ($13) ($14) 
0 1 2 18 19 20 


O($00) [HHT]; == 
1($01) | sbit | | 


ee 
63($3F), t| et dT | 


Y peers (a) Address Assignment When 1 Word is 8 Bits Long 





X address | 
($00) ($01) ($02) ($03) ($18) ($19) ($1A)($1B) 
0 1 2 3 24 25 26 27 





e2($3E)[ | || Sn Ne oe 
63($3F){ | [| | | 


Y address (b) Address Assignment When 1 Word is 6 Bits Long 


Figure 5 Display Memory Addresses 


HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 * (415) 589-8300 561 




















HD66108T 


as Display Data Write 


< 1 Disnlav Mamarw and Nato D.~2-4-— 
~vJ 


Wate RIgister Accesses 
(1) Access 
Figure 6 shows the relationship between the 
address register (AR) and internal registers 
and display memory in the HD66108T. Display 
memory shall be referred to as a data register 
since it can be handled as other registers. 


meee 


To access a data register, the register address 
assigned to the desired register must be written 
into the address register’s Register No.bits. 
The MPU will access only that register until 
the register address is updated. 


(2) Busy Check 
A busy time period appears after display 
memory read/write or X or Y address register 
write, since post-access processing is 
performed synchronously with internal clock 
pulses. Updating data in registers other than 
the address register is disabled during this 


time. Subsequent data must be input after 


_ confirming ready mode by reading the address 
register. The busy time period is a maximum 
of 8 clock pulses after display memory read/ 
write and amaximum of 1.5 clock pulses after 
X or Y address register write (figure 7). 


(3) Dummy Read 
When reading out display data, the data which 
is read out immediately after setting the X and 
Y addresses is invalid. Valid data can be read 
out after one dummy read, which is performed 
after setting the X and Y addresses desired 
(figure 8). 


(4) enon on Access 


. Ae reper van ABS tiguic 7, wc Ulppiay LuGLUUry must nov 


be rewritten until a time period of t,,, or longer 
has elapsed after rewriting the control register’s 
DUTY bits or the mode register’s FFS bits. However, 
display memory and registers other than the control 
register and mode register can be accessed even 
during this time period. t,, , can be obtained from 
the following equation. If using an LSI with a frame 
frequency of 60 Hz or greater, a time pene of 1 
ms should be sufficient. 


__Dd2 : 
t., =———————__ (ms) ... Equation 1 
-l  Nif,., (kHz) 
D2 ( duty correction value 2 ) : 
192 ( duty = 1/32, 1/34, or 1/36) 
128 ( duty = 1/48 or 1/50 ) 
96 ( duty = 1/64 or 1/66 ) 


Ni ( frequency-division ratio specified by the mode | 


register’s FFS bits ) 
: 2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 


f : Input clock frequency (kHz) 


CLK 
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Registers accessible with pin RS = 0 


Address register 


Bit 7 6 . 5 4 3 2 1 0 
CTT TT Tne 


Registers accessible with pin RS = 1 


Data registers 


Register No. 
= 0 = 1 


=2| =3 =4 =5 
Display X address Y address Control Mode C select 
memory register register register register register 


Figure 6 Relationship between Address Register and Register No. 
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OSC 


BUSY FLAG 
Busy 8 clock pluses max — 


ae Operates internally 
wenn none nn 2 a = i -- ------ + - 





Figure 7 Relationship between Clock Pulses and Busy Time ( Updating Display Data ) 
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IHOWLIH., 


suipesy Asowayy Avjdsig g ainsi 


DB 
(Accessed 
register) 
Output data 


X and Y 
addresses 


(Si ~(Be (2a) )( Sim) )~(S, (Sms (CS) 
CHECK CHECK WRITE { \.CHECK / \_WRITE READ CHECK/ \_READ / \ CHECK/ \_READ. 


Sets an X address Xm Sets a Y address Yn Display memory 


(Address increment direction: X) | | dummy read 


DG GD GC 





L80T99CH 








3.2 Xand Y Address Counter Auto-Incrementing 
Function 

As described in “2. Display Memory Construction 
and Word Length Setting, “ the HD66108T display 
memory has X and Y addresses. Internal X address 
counter and Y address counter both employ an auto- 
incrementing function. After display data is read or 
written, the X or Y address is incremented according 
tothe address increment direction selected by internal 
register. | 


Rewriting DUTY or FFS bits 


Accessing other registers 
Rewriting display memory 


Figure 9 Rewriting Display Memory after Rewriting Registers 


HD66108T 





) toi or longer 








Although X addresses up to 20 are valid when 8 bits 
make up one word ( up to 27 when 6 bits make up one 
word ), the X address counter can count up to 31 since 
itis a 5-bit free counter. Similarly, although Y addresses 
up to 64 are valid, the Y address counter can count up 
to 127. Consequently, X or Y address must be re-set 
at an appropriate point as shown in figure 10. 
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X address counted 0 Set address | 

' - 
1 Write display data 
v 
Valid addresses 
| 
v 

20 Re-set X address 
v 

21 Dummy read/write 
| 
i 
Invalid addresses 
i 
v 

31 

(1) Example of X Address Counter Increment 

(Word Length: 8 bits) 
Y address counted 0 Set address 

1 Write display data 
v 
2 Valid display area 
| 
t 
i 
v 

31 Re-set Y address 
v 

32 Dummy read/write 
3 | 
Invalid display area 
| 
i 
v 

127 


(2) Example of Y Address Counter Increment 
(Multiplexing duty ratio: 1/32) 


_ Figure 10 X/Y Address Counter Increment 
| - HITACHI | 
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4. Selection for LCD Driving Circuit Configuration 


4.1 Row Output Pin Selection 

The HD 66108T can assign a maximum of 65 pins for 
row outputs among the 165 pins named X0-X164. 

The X0-X164 pins can be classified into four blocks 
labeled A, B, C, and D (figure 11 (a)). Blocks A, C, 
and D consist of row/column common pins and block 
B consists of column pins only. The output function 
of the LCD driving pins and the combination of 
blocks can be selected by internal registers. 


Figure 11 shows an example of 165-column-output — 


mode. This configuration is useful when using more 
than 1 HD66108T chip or using the HD66108T as a 
slave chip of the HD61203. 


Figure 12 shows an example of 65-row-output mode. 


from the right side. Blocks A and B are used for 
column output and blocks C and D (K100-X164 pins) 
for row output. This configuration offers an easy way 


HD66108T 


of connecting row output lines in the case of using one . 


or more HD66108T chips. 


Figure 13 shows an example of 65-row-output mode 
from the left and right sides. 32 pins of XO-X31 and 
33 pins of X132-X164 are used for row output here. 
This configuration offers an easy way of connecting 
row output lines in the case of using only one 
HD66108T chip. 


Figure 14 shows an example of 33-row-output mode 
from the right side. Block D, i.e., X132-X164 pins, is 
used for row outputs. This configuration provides a 
means for assigning many pins to column outputs 
when 1/32 or 1/34 multiplexing duty ratio is desired. 


In all modes, it is row data and multiplexing duty ratio 
that determine which pins are actually used among the 
pins assigned to row output. Y values shown in table 
1 indicate the numbers of pins that are actually used. 
Pins not used must be left disconnected. 
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Block A Block B Block C Block D 


(a) LCD Driving Circuit Configuration 


Row 
driver — 


HD66108T 





(b) System Configuration 


Figure 11 165-Column-Output Mode 
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Column driver Column driver Row driver Row driver 


Block A Block B Block C Block D 


(a) LCD Driving Circuit Configuration 


100-column output 


HD66108T 


(6) System Configuration 





Figure 12 65-Row-Output Mode from the Right Side 
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Row driver Column driver Column driver Row driver 


BlockA Block B Block C Block D 


(a) LCD Driving Circuit Configuration 


100-column output 


HD66108T 





(bo) System Configuration 


Figure 13 65-Row-Output Mode from the Left and Right Sides 
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Column driver Column driver Column driver Row driver 


Block A Block B Block C Block D 


(a) LCD Driving Circuit Configuration 


~ 132-column output 


HD66108T 


(b) System Configuration 





Figure 14 33-Row-Output-Mode from the Right Side 
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4.2 Row Output Data Setting 
If certain LCD driving output pins are assigned to row 
output, data must be written to display memory for 
_ row output. The specific area to which this data must 
be written depends on the row-output mode and the 
procedure of writing row data to the display memory 
(0 or 1 to which bits?) depends on which X pin drives 
‘which line of the LCD. Row data area is determined 
by the control register’s (FCR) ROS and DUTY bits 
and is identical to the protected area, which will be 
described below. (165-column-output mode has no 
protected area, thus requiring no row data to be 
written (figure 15).) 


Procedure of writing row data to the display memory 
is as follows. First, 1 must be written to the bit at the 
intersection between line Yj and line (column) Xi 
(column). Line Yj is filled with data to be displayed 
on the first line of the LCD and line Xi is connected to 
pin Xn, which drives the first line of the LCD. 
Following this, Os must be written to the remaining 
bits on line Yj in the row data area. This rule applies 
to subsequent lines on the LCD. 


Table 2 shows the relationship between FCR settings 


and protected areas. 


Figure 16 shows the relationship between row data 
and display. Here the mode is 65-row output from the 
right side. Display data on YO is displayed on the first 
line of the LCD and data on Y64 is displayed on the 
65th line of the LCD. If X164 is connected to the first 
line of the LCD and X100 is connected to the 65th line 
of the LCD, 1s must be written to the bits on the 
diagonal line between coordinates (X164, YO) and 
(X100, Y64) and Os to the remaining bits. Row data | 
protect function must be turned off before writing row 
data and be turned on after writing row data. Turning 
on the row data protect function disables read/write of 
display memory area corresponding to the row output 
pins, i.e., prevents row data from being destroyed. In 
figure 16, display memory area corresponding to pins 
X100 to X164 is protected. 


Figures 17 to 19 show examples of row data settings. 


Some multiplexing duty ratios result in invalid display 
areas. Although an invalid display area can be read 
from or written to, it will not be displayed. 


Table 2 Relationship between FCR Settings and Protected Areas 


Control Register (FCR) 


ROS LCD Driving Signal Output Pins Connected to 
PON 4 3 Mode Protected Area of Display Memory Figures 
1 0 0. 165-column No area protected 15 
1 0 1 65-row (R) X100-X164. 16,19 
1 1 0 65-row(L/R)  X0-X31 and X132-X164 17 
1 1 1  33-row (R) X132-X164 18 
65-row (R) =: 65-row-output mode from the right side | 


65-row (L/R) : 65-row-output mode from the left and right sides 


33-row (R) 


: 33-row-output mode from the right side 
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Control register ROS bit = 00 
DUTY bit = 101 
LCD dnwving voltages: 









165-col 
VMH1 = V3, VML1 = V4, ig 
VMH2 = V3, VML2 = V4, eZ = 
VMHS = V3, VML3 = V4 simmelcas 
XO _.. X81X32__ __X99 X100 ___X131 X132 __X164 
! Block A (32 bits)! Block B (68 bits) ' Block C (32 bits) ! Block D(33bits) | 
i] 
X address 4bits +3 bytes + 4bits +3 bytes + 
4 bytes 8 bytes + 4 bits | 4bits | 5bits 


Sbits/i word | o | 1 { 2/ 3] 4] fa 12 [13 | 14 | 15 | 16 | 17 | 18 [19 | 20 | 
' 5words+2bits ! 4bits+10words+4bits ! 2bits+5words |! 5words+3bits | 


6bits/1 word; oj ij2} sj 4{sjej 4} 15] 16} 17} 18 | 19 | 20} 21] 22} 23} 24] 25 | 26} 27 | 








| a Valid 
Display data ! : display area 
Invalid display data Invalid 
display area 


Figure 15 Relationship between Row Data and Display 
(165-Column Output, 1/64 Multiplexing Duty Ratio) 
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Control register ROS bit = 01 ft 
DUTY bit = 110 a 


LCD driving voltages: 
VMH1 = V3, VML1 = V4, 
VMH2 = V2, VML2 = V5, 
VMH3 = V2, VML3 = V5 





-.X31X32... _.X99 X100.. -- X131 X132 --%164 








Block A (32 bits): Block B (68 bits) | | Block C (32 bits) | Block D (33 bits) 
_ -~t—- _ Row data pro ov blocks —_——P); 
Saree a | bits + 3 bytes + . ! = +S bytes+ | 
' _4 bytes 8 bytes + 4 bits 4 bits 
Sbits/1 word |_O | 1 | 2 1 3 | 4 ft Siri (eee eee 
1 Swords+2bit |} 4bits+10words+4bits {| 2bits+Swords | Swords+3bits } 
6bits/i word Lo [1 Je T3la[slel 115116] 17118 119 | 20] 211] 22 | 23 | 24 | 251 26] 27] 


rg | Display 
memory 





Accessible area | Area protected with PON = 1 


Figure 16 Relationship between Row Data and Display : | 
ony Output from the Right Side, 1/66 Multiplexing Duty Ratio) 
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Control register ROS bit = 10 








DUTY bit = 110 
LCD driving voltages: 
VMH1 = V2, VML1 = V5, 
VMR2 = V3, VML2 = V4, 
VMH3 = V2, VML3 = V5 
32-row 
driver 
XO. —,..X81X32__. _ X99 X100 _.X131 X132_° X164 
i Block A (32 bits) | Block B (68 bits) | Block C (32 bits) 1 Block D (33bits) 
aE a aa a SST VCO | 
X address : Rowdata 1 -— Row data — 
' protected blocks |! 1 4bits+3bytes+ 1!  protectedblocks ! 
: 4 bytes ' 8 bytes + 4 bits 1 4bits ' 4 bits + 3 bytes + 5 bits ! 
8bits/1 word | o | 1 | 2 of 3) 4 fe Ti [epi [wy lily] iyi | 20 
> 5words+2bits | 4 bits + 10 words + 4 bits , 2bits+Swords {| S5words+3bits | 


6 bits/1 word Lo_j1 j2 13 14 15 {6 | 115 116 117 118 Ji9 | 20 | 21 J22 |23 | 24 [25 | 26 | 27 | 


X30 | X32 | X34 | X36 





Area protected Accessible area _ Area protected 
with PON = 1 with PON = 1 


Figure 17 Relationship between Row Data and Display 
| (65-Row Output from the Left and Right Sides, 1/66 alee Duty Ratio) 
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Control register ROS bit = 11 
DUTY bit = 001 
LCD driving voltages: 
VMH 1=V3, VML1 = V4, 
VMH 2=V3, VML2=V4, 
VMH 3=V2, VML3=V5 





132-column 
driver 





X31 X32... - X99 X100... ..X131 X132.. .X164 
| Block A (82 bits) | Block B (68 bits) ' Block C (32 bits) | Block D (33 bits) | 
X address : ete (=— Row data 
, 1 4bits +3 bytes+ 1 protected block | 
1 4bytes | Sbytes +4 bits 1 4 bits ~ Abits + 3 bytes + Sbits 


| Swords +2 bits | 4bits +10 words +4bits | 2bits+5 words | 5words+3 bits | 


6bitstword ol iL2tsTatste[  [s[ se] 1718 [19 [20 | 2122 [2s Tee ]2s [26 Te? | 


8 bits/1 word| 9 | 1] 2, 3f 47 [11 | 12 | 13 | 14 | 15 | 16 | 17 [| 18 | 19 | 20 | 


=P GP Ow ow CO 28 ae Gm Om GED OH ED OD EP OY a OD HD OD Em om ED OD Ge ED om Om ON OT 
> Ge cee ke ED Oe OO Gm ED Ge OP OD OD OD ED OY ED GE OD ae Ow Gh OD OD om Om on tee 


X128 | X130 | X132 | X134 X162 1 X164 
X127| X129| X131| X133 X163 





| 
Accessible area — a" Area protected with 
| PON = 1 


| Pieure 18 Relationship between Row Data and Display 
(33-Row Output from the Right Side, 1/34 Multiplexing ee Ratio) 
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LCD 






Control register ROS bit = 01 
DUTY bit = 011 
LCD driving voltages: 


VMH 1 = V3, VML1=V4, 


VMH 2=V2, VML2=V5, 48-row 
VMH 3=V2, VML3=V5 driver used 


XO... X31 X32... X99 X100... »X131 X132... +X 164 





Column driver Column driver Row driver Row driver 





Block A (32 bits): Block B (68 bits) i Block C (32 bits) : Block D (33 bits) : 

oo _ j¢— Row data prdtected blocks ——e} 

X address | , ' Abi ‘A bi 
; ts + 3 byt 4 bits + 3 bytes 

4 bytes 8 bytes + 4 bits | abite hain ieee yles + 


S8bits/iword Lol 1] 2] 3/4] t1 | 12] 13] 14 | 15] 16] 17 | 18] 19 | 20 | 
, Swords +2 bits | 4 bits + 10 words +4 bits; 2 bits + 5 words | 5 words + 3 bits! 





XO |! X2 | X4 X96 | X98 xtbo hesi7 X119 X162 1X164 


Yo 
Y1 
Y2 





display area 


Invalid 
| display area 


| Accessible area Area protected with PON = 1 
Note: Pins X100-X116 are left disconnected here. 


Figure 19 Relationship between Row Data and Display 
(65-Row Output from the Right Side, 1/48 Multiplexing Duty Ratio) 
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4.3 LCD Driving Voltage Setting 

There are 6 levels of LCD driving voltages ranging 
from V1 to V6; V1 is the highest and V6 is the lowest. 
As shown in figure 20, column output waveform is 
made up of a combination of V1, V3, V4, and V6 
while row output waveform is made up of V1, V2, V5, 
and V6. This means that V1 and V6 are common to 
both waveforms while mid-voltages are different. 


To accommodate this situation, each block of the 


HD66108T is provided with power supply pins for 


mid-voltages as shown in figure 21. Each pair of VIR 
and V1L and V6R and V6L are internally connected 
and must be applied the same level of voltage. Block 
B is fixed for column output and must be applied V3 
and V4 as mid-voltages. The other blocks must be 


_applied different levels of voltages according to the 


function of their LCD driving output pins; if the LCD 


driving output pins are set for row output, VMHn and 


VMLn must be applied V2 and V5, respectively, 
while they must be applied V3 and V4, respectively, 


if the pins are set for column output (n = 1 to 3). 


Table 3 Relationship between FCR settings and LCD Driving Voltages 


Control Register (FCR) LCD Driving Voltage Pins 
ROS4 ROS3 Mode VIRVIL V3 V4 

0 0  165-column Vi V3 V4 V3 
0 1 65-row (R) Vi V3 V4 V3 

1 0 65-row (L/R) Vi V3 V4 V2 
1 1 33-row (R) V1 V3 V4 V3 
65-row (R) =: 65-row-output mode from the right side 


VMH1 VML1 VMH2 


VML2 VMH3 VML3 V6R/V6L 


V4 «V3 V4 V3 V4 V6 
V4 V2 V5 V2 V5 V6 
V5 V3 V4 V2 V5 V6 
V4 V3 V4 V2 V5 V6 


65-row (L/R) : 65-row-output mode from the left and right sides 


33-row (R) 


1 33-row-output mode from the right side. 
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COM1 


COM2 


SEG1 


SEG2 
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Figure 20 LCD Driving Voltage Waveforms 
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LCD driving output pins 


XO ----- X31s«X3Q----- x99 


X100----- X131 X132----- X164 


O.@ @ C @ C 
1L V6L MH1 VML1 V3 V4 


© @ ® ® O20 
VMH2 VML2 MH3 VML3 6R ViR 


LCD driving power supply pins 


Figure 21 Relationship between Blocks and LCD Driving Voltages 


5. Multiplexing Duty Ratio and LCD Driving 
Waveform Settings 
A multiplexing duty ratio and LCD driving waveform 
can be selected via internal registers. 


A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48, 1/ 
50, 1/64, or 1/66 can be selected according to the LCD 
panel used. However, since there are only 65 row- 


output pins, only 65 lines will be displayed even if 1/ 


66 multiplexing duty ratio is selected. 


There are three types of LCD driving waveforms, as 
shown in figure 22: A-type waveform, B-type 
waveform, and C-type waveform. 


The A-type waveform is called per-half-line inversion. 
Here, the waveforms of M signal and CL1 signal are 
the same and alternate every LCD line. 


_ The B-type waveform is called per-frame inversion; 
in-this case, the M signal inverts its polarity every. 


frame so as to alternate every two LCD frames. This 
is the most common type. 


The C-type waveform is called per-n-line inversion 
and inverts its polarity every n lines (n can be set as 


| needed within 1 to 31 via the internal registers). The 


C-type waveform combines the advantages of the A- 
and B-types of waveforms. However, some lines will 
not be alternated depending on the multiplexing duty 
ratio and n. To avoid this, another C-type waveform 
is available which is generated from the EOR of the C- 
type waveform M signal mentioned above and the B- 
type waveform M signal. Since the relationship 
between n and display quality usually depends on the 
LCD panel, n must be determined by observing actual 
display results. 


The B-type waveform should be used if the LCD 
panel specifies no particular type of waveform. 
However, in some cases, the C-type waveform may 


create a better display. 
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Figure 22 LCD Driving Waveforms 
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6. Clock and Frame Frequency 


An input clock with a 200-kHz to 4-MHz frequency 


can be used for the HD66108T. Note that raising clock 
_ frequency increases current consumption although it 
reduces busy time and enables high-speed operations. 
An optimum system clock frequency should thus be 
selected within 200 kHz to 4 MHz. 


The clock frequency driving the LCD panel (= frame 
frequency) is usually 70 Hz to 90 Hz. Accordingly, 
the HD66108T is so designed that the frequency- 
division ratio of the input clock can be selected. The 
HD66108T generates around 80-Hz LCD frame 
frequency if the frequency-division ratio is 1. The 
frequency-division ratio can be obtained from the 
following equation. 
Nic rx 500 x py 

fox 80 oe 

Ni _: Frequency-division ratio 


f,  : Frame frequency required for the LCD 
panel (Hz) 
fox ° Input clock frequency (kHz) 


D1: Duty correction value 1 

D1 = 1 when multiplexing duty ratio is 1/32, 
1/48 or 1/64 
D1 = 32/34 when multiplexing duty ratio is 
1/34 
D1 = 32/36 when multiplexing duty ratio is 
1/36 | _ 
D1 = 48/50 when multiplexing duty ratio is 

— 1/50 
D1 = 64/66 when multiplexing duty ratio is 
1/66 - 


- The frequency-division ratio nearest the value obtained 
from the above equation must be selected; selectable 
frequency-division ratios by internal registers are 2, 
1, 1/2, 1/3, 1/4, 1/6, and 1/8. 


Table 4 Standby Status of Pins 


7. Display Off function 


The HD66108T has a display off function which turns 
off display by rewriting the contents of the internal 
register. This prevents random display at power-on 
until display memory is initialized. 


8. Standby Function 


The HD66108T has a standby function provinding 
low-power dissipation. Writing a 1 to bit 6 of the 
address register starts up the standby function. 


The LCD driving voltages, ranking from V1 to V6, 
must be set to V_,,to prevent DC voltage from beging 
applied to an LCD panel during standby state. 


The HD66108T operates as follows in standby mode. 


(1) Stops oscillation and external clock input 
(2) Resets all registers to 0’s except the STBY bit 


Here, note that the display memory will not preserve 
data if the standby function is turned on; the display 
memory as well as registers must be set again after the 


standby function is terminated. 


Table 4 shows the standby status of pins and table 5 
shows the status of registers after standby function 
termination. : 


Writing a 0 to bit 6 of the address register terminates 


the standby function. Writing values into the DISP 


and Register No. bits at this time is ignored; these bits 
need to be set after the standby function has been 


completely terminated. 


Figure 23 shows the flow for start-up and termination 
of the standby function and related operations. 


Pin Status 
-OSCc2 High 
CO Low 
CL1 Low (master chip) or high-impedance (slave chip) 
FLM Low (master chip) or high-impedance (slave chip) 
M Low (master chip) or high-impedance (slave chip) 
_ Xn (column output pins) V4 , 


Xn’ (row output pins) V5 
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Table 5 Register Status after Standby Function Termination 


Register Name Status after Standby Function Termination 
Address register Reset to 0's except for the STBY bit 

X address register Reset to 0’s 

Y address register Reset to 0's 

Control register | Reset to 0’s 

Mode register Reset to 0’s 

C select register Reset to 0’s 

Display memory | Data not preserved 





Set the LCD driving voltages to V_, level 
4 


_ Set the STBY bit to 1 
(turn on the standby function) 


4 


Wait until external clock pulses stabilize | L 


4 ; 


| - Set the STBY bit to 0 
(turn off the standby function) 


J 














Termination 






Supply the LCD driving voltages 







Set registers again 





Wait for a time period of t,, , or longer "2 






~ Set the display memory again 











Set the DISP bit to 1 (turn on LCD) 


Notes: 1. Not necessary in the case of using internal oscillation 
2. Refer to equation 1 (section 3.1). 





Figure 23 Start-Up and Termination of Standby Function and Related Operations © 
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9. Multi-Chip Operation 


Using multiple HD66108T chips (= multi-chip 
operation) provides the means for extending the 
number of disply dots. Note the following items when 
using the multi-chip operation. 


(1) 


(2) 


GB) 


4) 


The master chip and the slave chips must be 
determined; the M/S pin of the master chip must 
be set low and the M/S pin of the slave chips 
must be set high. 

All the HD66108T chips will be slave chips if 
HD61203 or its equivalent is used as a row 
driver. 

The master chip supplies the FLM, CL1, and M 
signals to the slave chips via the corresponding 


pins, which synchronizes the slave chips with . 


the master chip. 


Since a master chip outputs eyiduenain 


signals, all data registers must be set. 


Column 
output 


HD66108T 
Slave mode 


(5) 


(6) 


(7) 


The following bits for slave chips must always 


be set: 


INC, WLS, PON, and ROS (control register) 


FFS (mode register) 

It is not necessary to set the control register’s 
DUTY bits, the mode register’s DWS bits, or 
the C select register. For otherregisters’ settings, 
refer to table 6. 

All chips must be set to LCD off in order to turn 
off the display. 

The standby function of slave chips must be 
started up first while that of the master chip 
must be terminated first. 


Figure 24 to 26 show the connections of the 
synchronization signals for different system 
configurations and table 6 lists the differences between 
master mode and slave mode. 


Column 
output 


HD66108T 
Master mode 


DSC1FLM CLI ae OSC1 FLM CL1 


Clock 





Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 


Figure 24 Configuration Using 2 HD66108T Chips (1) 
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HD66108T HD66108T 
Master mode Slave mode 


OSC1 FLM CL1 


Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 





Figure 25 Configuration Using 2 HD66108T Chips (2) 
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Row output 





Column output 


HD661 O8T 
Slave mode 










HD61203 
Row driver 






OSCi FLM = CL1 


Note: 1. The slave chip can oscillate CR clock pulses. In this case, the clock pulses must be 
| supplied to the HD61203 from the HD66108T’s CO pin. 
2. The HD61203’s control pins must be set in accordance with the type of RAMs. 


Figure 26 Configuration Using 1 HD66108T Chip with Another Row Driver (HD61203) 
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Table 6 Comparison between Master and Slave Mode 


Item Master Mode Slave Mode 
Pin: MS Must be set low Must be set high 
OSC1, OSC2 Oscillation is possible Oscillation is possible 
CO = OSC1 = OCS1 
FLM, CL1,M Output signals Input signals 
Register: AR Valid Valid 
_ XAR Valid Valid 
YAR Valid Valid 
FCR Valid Valid except for the DUTY bits 
MDR Valid Valid except for the DWS bits 
CSR Valid (only if the DWS bits are Invalid 
set for the C-tye waveform) 
Notes 
- Valid : Needs to be set 


- Invaid: Need not be set 
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Internal Registers 


All HD66108T’s registers can be read from and 
-_written into. However, the BUSY FLAG and invalid 
bits cannot be written to and reading invalid bits or 
registers returns 0’s. 


1. Address Register (AR) (Accessed with RS = 0) 


This register (figure 27) contains Register No. bits, 


BUSY FLAG bit, STBY bit, and DISP bit. Register 
No. bits select one of the data registers according to 
the register number written. The BUSY FLAG bit 
indicates the internal operation state if read. The 
STBY bit activates the standby function. The DISP 
bit turns the display on or off. This register is selected 
when RS pin is 0. . 


Bits D4 and D3 are invalid. 


D7 D6 D5 D4 D3 D2 D1 DO 
BUSY i 


STBY 
- 1: Standby function on 
- 0: Normal (standby function off) 


* When standby function is on, all registers are reset to 0's 


DISP 
- 1: LCD on 
- 0: LCD off 


Register No. 
Bit 
21 Register 
Display memory 


X address register 


Y address register 
Control register 
Mode register 

C select register 


BUSY FLAG (Can be read only) 
- 1: Busy state — 
- 0: Ready state 





Figure 27 Address Register 
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2. Display Memory (DRAM) (Accessed with RS 
= 1, register number = (000).) 


Although display memory (figure 28) is not a register, 
it can be handled as one. 8- or 6-bit data can be 
selected by the control register WLS bit according to 
the character font in use. If 6-bit data is selected, D7 
and D6 bits are invalid. 


3. X Address Register (KAR) (Accessed with RS — 


_ = 1, register number = (001),) 


8-Bit Data 


6-Bit Data 


HD66108T 


This register (figure 29) contains 3 invalid bits (D7 to — 
D5) and 5 valid bits (D4 to DO). It sets X addresses and — 
confirms X addresses after writing or reading to or — 
from the display memory. 


4. Y Address Register (YAR) (Accessed with RS = 
1, register number = (010),) 


This register (figure 30) contains 1 invalid bit (D7) and 
7 valid bits (D6 to DO). It sets Y addresses and 
confirms Y addresses after writing or reading to or 
from the display memory. 


Reading bits marked with * return Os and writing them is invalid. 





Figure 28 Display Memory 


D7 D6 D5 D4 D3 D2 OD1- 


DO 


XAD: 0 to.20 ($00 to $14) when display data is 8 bits long and 0 to 27 ($00 to $1B) when display data 
is 6 bits long. A maximum of $1F is programmable. 





Figure 29 X Address Register 


D7 D6 D5 


YAD: 0 to 128 ($00 to $7F) 





Figure 30 Y Address Register 
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5. Control Register (FCR) (Accessed with RS = 
1, register number = (011),) 


This register (figure 31), containing eight bits, has a 


variety of functions such as specifying the method for - 


accessing RAM, determining RAM valid area, and 
selecting the function of the LCD driving signal 
output pins. It must be initialized as soon as possible 


D7 D6 DS D4 D3 
ine |ms ron] nos 
(1) INC (Address increment direction select) 


- 1: X address is incremented 
-0: Y address is incremented 


(2) WLS (Word length (of display data) select) 


- 1: 6-bit word 
- 0: 8-bit word 


(3) PON (Row data protect on) 
- 1: Protect function on 
- 0: Pretect function off 


after power-on since it determines the overall operation 
of the HD66108T. The PON bit may have to be re-set 
afterwards. If the DUTY bits are rewritten after 
initialization at power-on (if values other than the 
initial values are desired), the display memory will 
not preserve data; the display memory must be set 
again after a time period of t,,, or longer. For 
determining t,, ,, refer to equation 1 (section 3.1). 


(4) ROS (Row output (function of LCD driving output pins) select) 


43 Contents 
( 165 column outputs 


65 row outputs from the right side 
65 row outputs from the left and right sides 
33 row outputs from the right side 


DUTY (Multiplexing duty ratio) 


Bit Multiplexing 
Duty Ratio 


1/32 

1/34. 

1/36 

1/48 

1/50 © 

1/64 

1/66 

Testing mode 


zZ 
9 


INoOoanono 
~=-$-00—"~ 00 |= 
Ao-0-0-01/10 


Figure 31 Control Register 
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6. Mode Register (MDR) (Accessed with RS=1, the FFS bits are rewritten after initialization at power- 
register number = (100),) 7 on (if values other than the initial values are desired), 
the display memory will not preserve data; the display 

This register (figure 32), containing 3 invalid bits (D7 memory must be set again after a time period oft, , or 


to D5) and 5 valid bits (D4 to DQ), selects a system = jonger. For determining t 
clock and type of LCD driving waveform. It must (section 3.1). 

also be initialized after power-on since it determines 

overall HD66108T operation like the FCR register. If 


CLI’ 


D7 D6 D5 D4 D3 £be2 “OD DO 


FFS DWS 


(1) FFS (Frame frequency select) 


Frequency- 
Division Ratio 


1 
1/2 

1/3 : 
1/4 

1/6 

1/8 

2 


z 

fo) 

a~a-au4ugQooola 
em, = aawh po Va 9 w 
roo) cola |B 

AO3O-0-o0/N 


NOOR OM — © 


(2) DWS (LCD driving waveform select) 


Bit 

No. 1 0 Driving Waveform 
0 0 0 A-type waveform 

1 0 1 B-type waveform 

2 1 0 C-type waveform 

3 -. — 


Figure 32 Mode Register 
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7. C Select Register (CSR) (Accessed with RS = and D6)and 5 validbits (D5 to DO). Itcontrols C-type 
1, register number =(101),) waveforms and is activated only when MDR register’s 


DWS bits are set for this type of waveform. 
This register (figure 33) contains 2 invalid bits (D7 


D2 D1 DO 
CLN 
EOR (B-type waveform M signal ® no. of counting lines on/off) 


- 1: EOR function on 
- 0: EOR function off 


CLN (No. of counting lines in C-type waveform) 
1 to 31 should be set in these bits; 0 must not be set. 





Figure 33 C Select Register © 
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Reset Function 


The RESET pin starts the HD66108T after power- 
on. A RESET signal must be input via this pin for 
at least 20 us to prevent system failure due to 
excessive current created after power-on. Figure 34 
shows the reset definition. 





At reset 


During reset 
(Reset status) 


HD66108T 


or register bits except for the address register’s 
STBY bit and the X and Y address registers, — 
which are reset to 0’s by the signal. Table 8 
shows the reset status of registers. 


(3) Status after Reset 

(1) Reset Status of Pins | The display memory does not preserve data 
Table 7 shows the reset status of output pins. which has been written to it before reset; it 
The pins return to normal operation after reset. must be set again after reset. 

(2) Reset Status of Registers _ ARESET signal terminates the standby mode. 
The RESET signal has no effect on registers 

Table 7 Reset Status of Pins 

Pin Status 

OSC2 Outputs clock pulses or oscillates 

CO Outputs clock pulses 

CL1 Low (master chip) or high-impedance (slave chip) 

FLM Low (master chip) or high-impedance (slave chip) 

M Low (master chip) or high-impedance (slave chip) 

Xn(column output pins) V4 | | 

Xn’ (Row output pins) V5 

Table 8 Reset Status of Registers 

Register Status 

Address register Pre-reset status with the STBY bit reset to 0 

X address register Reset to 0’s 

Y address register Reset to 0’s 

Control register Pre-reset status 

Mode register | Pre-reset status 

C select register _ Pre-reset status 

Display memory Preserves no pre-reset data 


After reset 





Figure 34 Reset Definition 
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Precautionary Notes When Using the HD66108T 


(1) 


(2) 


(3) 


(4) 
(5) 


Install a 0.1-uF bypass capacitor as close to. 


the LSI as possible to reduce power supply 
impedance (V.,.-GND and V,,-V,,): 

Do not leave input pins open since the 
HD66108T is a CMOS LSI; refer to “Pin 
Functions” on how to deal with each pin. 
When using the internal oscillation clock, 
attach an oscillation resistor as close to the 
LSI as possible to reduce coupling capacitance. 
Make sure to input the reset signal at power- 
on so that internal units operate as specified. 


Maintain the LCD driving power at V_,.during © 


standby state so that DC is not applied to an 
LCD, in which Xn pins are fixed at V4 or V5 
level. 


Programming Restrictions 


(1) 


594 — Hitachi America, Ltd. « Hitachi Plaza * 2000 Si 


After busy time is terminated, an X or Y 


X132 
_X131_X133_ 


Display data area 
Figure 35 How to Set Row Data for 33-Row Output from the Right Side 


(2) 


(3) 


address is not incremented until 0.5-clock 
time has passed. If an X or Y address is read 
during this time period, non-updated data will 
be read. (The addresses are incremented even 
in this case.) In addition, the address increment 
direction should not be changed during this 
time since it will cause malfunctions. 
Although the maximum output rows is 33 
when 33-row-output mode from the right side 
is specified, any multiplexing duty ratio can 
be specified. Therefore, row output data 
sufficient to fill the specified duty must be 
input in the Y direction. Figure 35 shows how 
to set row data in the case of 1/34 multiplexing 
duty ratio. In this case, Os must be set in Y33 
since data for the 34th row (Y33) are not 
output. 

Do not set the C select register’s CLN bits 
to 0 for the M signal of C-type waveform. 


Row data area 
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Absolute Maximum Ratings 


item Symboi | Ratings | Unit 
Power Supply Voltage (1) Voecl to V,,3 —0.3 to +7.0 V 
Power Supply Voltage (2) Vege Veg -—0.3 to +16.5 V 
Input Voltage Vin | -0.3to VCC +03 V 
Operating Temperature Tee —20 to + 75 °C 
Storage Temperature iPr —20 to +85 °C 


Notes: 1. Permanent LSI damage may occur if the maximum ratings are exceeded. 
Normal operation should be under recommended operating conditions (V,, = 2.7 
to 6.0 V, GND = 0 V, Ta = -20 to + 75°C). If these conditions are exceeded, 
LSI malfunctions could occur. 

2. Power supply voltages are referenced to GND = 0 V. Power supply voltage (2) 
indicates the difference between V,,. and V,,. — 
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Electrical Characteristics 
DC Characteristics (1) (V,,. = 5 V +20%, GND = 0 V, V,,,.-— V_, = 6.0 to 15 V, Ta = -20 to+75°C, 
unless otherwise noted) 


‘Item 


Input High 
Voltage 


Input Low | 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


input Leakage 
Current 


Tri-State 
Leakage Current 


V Pins Leakage | 


' Current 


Current 
Consumption 


ON Resistance 


between Vi and Xj 


V Pins Voltage 
Range 


OSscCc1 


M/S, CL1, FLM, - 
M, TEST1, TEST2 


RESET 
The other inputs 
OSCi1 


M/S, CL1, FLM, 
M, TEST1, TEST2 


RESET 


The other inputs 
CO, CL1, FLM, M 
DB7—DBO 


CO, CL1, FLM, M 
DB7-DB0 


All except DB7—DBO, 
CL1, FLM, M 


DB7-DBO, CL1, FLM, 


M 


V1, V3, V4, V6, 
VMHn, VMLn 


During display 


During standby data 
X0-X164 


Oscillating Frequency 


Notes: 1. When voltage applied to input pins is fixed to V,. or to GND and output pins have no load capacity. 


Symbol Min 

Vial 0.8xV,, 
Vie 0.7 x Von 
Via? 0.85 x V,, 
Vid 2.0 

V,1 -0.3 

V2 -0.3 

V3 -0.3 

V4 -0.3 
Vont «0.9 K Veg 
Von2 «2-4 

Vaul - 

Va2 - 

Nn —2.5 

low -10 

la -10 

it - 

loe2 - 

lee - 

Ron - 

AV - 

tose 315 


Typ 


450 


Max 
Voce + 0.3 
Vog + 0.3 


Voc + 0.3 
Vog + 0.3 
0.2xV.. 
0.3 x Veg 


0.15 x Vo, 
0.8 


O1xVe. 


0.4 


585 


Unit 


V 
V 


<j <j} <j < <|;<;j;~<i< 


< 


% 


kHz 


Test Conditions 


Vog = 5 V 410% 


Veg = SV 410% 
mbes =0.1 mA . 


ly, = 0.2 mA 
Veg = 5 V £10% 


lo, = 0.1 MA 
lo. = 1.6 MA 
Vog = 5 V 10% 
V,, = 0 to V.. 


Vi, = 0 to Vee 
Vi, = Ver to Voc 
External clock 


foee = 500 kHz 


Internal oscillation 
Rf = 91 kQ 


th, = 50 pA 


Voc ~ Veg = 10 V 


Rf = 91 kQ 


Notes 


2. When the LSI is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external clock pulses, 
input pins must be fixed high or low. Exposing the LSI to light increases current consumption. 


salad 


I. indicates the current supplied to one measured pin. 
AV = 0.35 x (Vo, — Veg). For levels V1, V2, and V3, the voltage employed should fall between the V,,. and the 


AV and for levels V4, V5, and V6, the voltage employed should fall between the V,. and the AV (figure 36). 


Neo 


\ 


HITACHI 


Vie (min) = 0.7 x V,, when used under conditions other than V,,, = 5 v £10%. 

V,,3 (max) = 0.15 x V., when used under conditions other than V,, = 5 V+10%. 

Vou2 (min) = 0.9 x V., (-I,, = 0.1 mA) when used under conditions other than V,,. = 5 V+10%. 
Vo.2 (max) = 0.1 x V,, (ly, = 0.1 mA) when used under conditions other than V,,. = 5 V 410%. 
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DC Characteristics (2) (V,,. = 2.7 to 4.0 V, GND =0 V, Vic — Veg = 6.0 to 15 V, Ta = -20 to +75°C, 
unless otherwise noted) 


Item | Symbol Min Typ Max Unit Test Conditions Notes 





Input High RESET Vyt 085xVy, - Veg + 0.3 V 
Voltage The other inputs Vu2 O7xV, - Vog + 0.3 V 
InputLow  MWS,OSC1,CL1,FLM, V,1 -0.3 - 03xV,. V 
Voltage TEST1, TEST2, M 
The other inputs V,2 0.3 - 0.15xV,. V 
Output High Vol O09xVo6 - - V —|, = 50 pA 
Voltage | | 
Output Low Vol - _ 0.1xV,. V ly = 50 HA 
Voltage 
Input Leakage AllexceptDB7—DBO, =, —2.5 - 2.5 HA V,=90to V,, 
Current CL1, FLM, M 
Tri-State DB7-DBO, CL1,FLM, I,  -10 - 10 pA V,, = 0 to V,, 
Leakage Current M 
V Pins Leakage V1, V3, V4, V6, ae -10 _ 10 pA V,, = Veg t0 Veg 
Current VMHn, VMLn 
Current During display & ‘Weal = = 260 HA External clock 1 
Consumption fose = 900 kHz 
| 2 - 700 uA Internal oscillation 1 
Rf = 75 kQ 
During standby state le. = - 10 pA 1,2 
ON Resistance X0-X164 Rov - - 10  kQ +h, =50pA 3 
between Vi and Xj | Veo ~ Veg = 10 V 
V Pins Voltage AV - - 35 % 4 
Range 
Oscillating Frequency fose 315 450 585 KHz) ~Rf=75kQ 


Notes: 1. When voltage applied to input pins is fixed to V,, or to GND and output pins have no load capacity. Exposing 

the LSI to light increases current consumption. 

2. When the LSI is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external clock pulses, 
input pins must be fixed high or low. 

3. 1, indicates the current supplied to one measured pin. 

4. AV = 0.35 x (Vo, — Veg). For levels V1, V2, and V3, the voltage employed should fall between the V,. and 
the AV and for evele V4, VS, and V6, the voltage employed should fall between the V,. and the AV “fi gure 
36} 
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AV | V1, V2, V3. Levels 


AV | V4, V5, V6 Levels - 





Figure 36 Driver Output Waveform and Voltage Levels 
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AC Characteristics (1) (V_,. = 4.5 to 6.0 V, GND = 0 V, Ta = -20 to +75°C, unless otherwise noted) 


1. CPU Bus Timing (figure 37) 





Item Symbol Min Max Unit 

RD High-Level Pulse Width fay 1990 8 - ns 

RD Low-Level Pulse Width tia 190 - ns 

WR High-Level Pulse Width toe 190 ~ ns 

WR Low-Level Pulse Width. bia 190 - ns 

WR-RD High-Level Pulse Width Go 190 Z ns 

CS, RS Setup Time tes 0 - ns 

CS, RS Hold Time ta 0 - ns 

Write Data Setup Time tow 100 = ns 

Write Data Hold Time | toa 0 = ns 

Read Data Output Delay Time tan 7 150 ns _— Note 

Read Data Hold Time ae 20 - ns _— Note. 

External Clock Cycle Time tage 0.25 5.0 Ls 

External Clock High-Level Pulse Width ae 0.1 - Es 

External Clock Low-Level Pulse Width ey: 0.1 - us 

External Clock Rise and Fall time tr, tf - 20 | ns 

Note: Measured by test circuit 1 (figure 39). 

2. LCD Interface Timing (figure 38) 

item 3 * Symbol Min Max Notes 

M/S =0 CL1 High-Level Pulse Width ~— t,,,4,1 35 - 61,4, 5 
CL1 Low-Level Pulse Width tit 35 7 1,4,5 
FLM Delay Time oe 2.0 +2.0 4,5 
FLM Hold Time ate ~2.0 +2.0 4,5 
M Output Delay Time tomo! -2.0 — +20 4,5 

M/S = 1 CLi1 High-Level Pulse Width ~— t,,,2 35 = 4,5 
CLi Low-Level Pulse Width = t,,,,2 11 X toye - 2,4,5 
FLM Delay Time tori2 -2.0 15xty. 34,5 
FLM Hold Time 1-2 ~2.0 42.0 4,5 
M Delay Time Ti —2.0 +2.0 4,5 


Notes: When Rog, is 91 kQ (V,, = 4.0 to 6 V) or 75 kQ (V,, = 2.0 to 4.0 V) and bits FFS are set for 1. 
When bits FFS are set for 1 or 2. The value is 19 x t,,, in other cases. 

When bitgs FFS are set for 1 or 2. The value is 8.5 x t,,, in other cases. 

Measured by test circuit 2 (figure 39). 


Units are ps. 


DONS 
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AC Characteristics (2) (V_..= 2.7 to 4.5 V, GND = 0 V, Ta = -20 to +75°C, unless otherwise noted) 


1. CPU Bus Timing (figure 37) 


Item _ Symbol Min Max Unit 

RD High-Level Pulse Width tees 1.0 - ys 

RD Low-Level Pulse Width | ey 1.0 - Us 

WR High-Level Pulse Width i 1.0 - ys 

WR Low-Level Pulse Width ia. 10 83 - Us 

WR-RD High-Level Pulse Width busi 1.0 - Us 

CS, RS Setup Time tee 0.5 _ Ls 

CS, RS Hold Time Ls 0.1 - Ls 

Write Data Setup Time ie 1.0 “= us 

Write DataHoldTimeSOSOSOSCSCS ae 0 : 1s 

Read Data Output Delay Time — - 0.5 ws Note 

Read Data Hold Time ce “20 - ns Note 

External Clock Cycle Time ae 1.6 5.0 ys 

External Clock High-Level Pulse Width i 0.7 - sus 

External Clock Low-Level Pulse Width 0.7 _ ps 

External Clock Rise and Fall time tr, tf | - «(0.1 ps 

Note: Measured bytestcircuit2(figure39).. st ttsti<is~™S 

2. LCD Interface Timing (figure 38) _ 

item | Symbol Min Max Notes 

M/S =0 CLi High-Level Pulse Width _—t,,,,1 35 - 1,4,5 
CL1 Low-Level Pulse Width — ty, 1 35 7 1,4,5 
FLM Delay Time tet «20 +2.0 4,5 
FLM Hold Time tues 1 -2.0 42.0 4,5 
MOutput DelayTime ty 20 © +20 4,5 

M/S = 1 CLi High-Level Pulse Width — ty,4,2 35 - 4,5 
CL1 Low-Level PulseWidth ty2  11Xtye 2, 4,5 
FLM Delay Time toe= —2.0 15Xty, 34,5 
FLM Hold Time tar 2 2.0 ~-+2.0 4,5 
MDelayTime ——~—«WNoy, -2.0 42.0 4,5 


Notes: 1. When R,,, is 91 kQ (V,,_ = 4.0 to 6 V) or 75 kQ (V,,. = 2.7 to 4.0 V) and bits FFS are set for 1. 
2. When bits FFS are set for 1 or 2. The value is 19 x t,,, in other cases. : 

3. When bits FFS are set for 1 or 2. The value is 8.5 x t,,, in other cases. 

4. Measured by test circuit 2 (figure 39). 

5 . 


Units are us. 


| HITACHI : 
600 Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 











HD66108T 


Figure 37 CPU Bus Timing 


twos wore tweut Kwere 


it 


HFLY HFL2 





tomo/tom 


Figure 38 LCD Interface Timing 


| HITACHI | 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 (415) 589-8300 601 





HD66108T 


All diodes are IS2074 ® 


R, = 2.4k0 
R= 11kQ 


Test Circuit 1 


C = 50pF 


Test Circuit 2 





Figure 39 Load Circuits 
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TCP Sketches and Mounting 


The following shows TCP sketches and TCP mounting on a printed circuit board. These drawings do not restrict 
TCP shape. 


Potting resin Solder resist 


Pattern-formed 
surface 


a7. —— 
er rains  — 
LUT LULL LLL 


DODAAAAAAAG Tape base 


TCP Rough Sketch 


Wiring-pattern-plated 
surface __ Pottingresin Pattern-formed surface 


Tape base 
(Chip back-grinded surface) 
Tape base 


A-A' Cross-Sectional View 


Chip back-grinded surface 


Solder Tape base 
Tape base 


" 


Pattern-formed surface 


TCP Mounting on PC Board 
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| if D66840F eee a ee For Maintenance Only 
LCD Video Interface 
Controller (LVIC) 


Description | @ 100-pin plastic OFP (FP-100A) 


The HD66840F LVIC interface controller 
converts the standard video signals R, G, B for 
CRT display into LCD data. It enables a CRT 
display system to be replaced by an LCD Pin Arrangement 
system without any changes. It also enables 
the software originally intended for CRT dis- 
play to control the LCD. 


Since the LVIC can control TFT-type LCDs in 
addition to the current TN-type LCD, it can 
support color display as well as monochrome 
display. It can program screen size and can 
control a large-panel LCD of 720 dots x 512 
dots (max). 


RB/AO/xDOTL_]: ~ 


Features 


@ Converts video R, G, B signals for CRT 
display into LCD data: 

—Monochrome display data 

—8-level gray scale display data 

—8-color display data 

@ Can select LVIC control method: 

—Pin programming method 

—Internal register programming method 
(either with MPU or ROM) 

@® Can program screen size: 

—200, 350, 400, 480, 512, or 540 dots 
(lines) in height and 640, or 720 dots (80, 
or 90 characters) in width by pin pro- 
gramming method > 

—4-1024 dots (lines) in height and 32- 
4048 dots (4-506 characters) in width by 
internal register programming method 





@ Can regenerate the display timing signal Ordering Information 
| ee HSYNC and VSYNC | Dotclock ° | 
@ Internal PLL circuit can generate the dot 
clock (external charge pump, low pass type No: (nan): peccage 
filter (LPF), and volrade-controned oscil- =HD66840F 25 MHz 100-pin 
lator (VCO) required) | Plastic QFP (FP-100A) 
@ Can control both TN-type LCD and TFT- eS Eee at ST eT en 
type LCD 


-@ Maximum operating frequency: 25 MHz 
(dot clock for CRT display) 
@ LCD driver interface: 4-, 8-, or 12-bit (4 bits 
each for R, G, B) parallel data transfer 
@ Recommended LCD drivers: HD61104 
(column) and HD61105 (common), 
HD66204 (column) and HD66205 (com- 
mon), HD66106 and HD66107T (column/ 
common) 
@ CMOS 1.3 ~m process 
@ Single power supply: +5V+10% | ‘ 
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Pin Description 
Table 1 describes the pins. 





Table 1 Pin Description 





Symbol Pin Number Pin Name i/o 
Vec1-Vec3 96, 30, 76 Vec1, Vec 2, Vec 3 = 
GND1-GND6 | 88, 9, 23, Ground 1-6 —_ 
37, 50, 65 
R, G, B! 91, 92, 93 Red, green, blue serial data l 
HSYNC 89 Horizontal synchronization | 
VSYNC 90 Vertical synchronization I 
DISPTMG2 95 Display timing | 
DOTCLK 94 Dot clock | 
RO-R33 69-66 LCD red data 0-3 O 
LUO-LU34 69-66 ‘LCD up panel data 0-3 O 
GO-G33,5 64-61 LCD green data O-3 O 
LDO-LD34,5 64-61 | LCD down panel! data 0-3 - O 
BO-B33,6 — 60-57 LCD blue data 0-3 O 
CL1 72 , LCD data line clock O 
CL2 73 LCD data shift clock O 
CL37 74 Y-driver shift clock 1 om 
CL47 | 75 -Y-driver shift clock 2 O 
FLM } 71 First line marker O 
M 70 LCD driving signal alternation O 
LDOTCK | 77 LCD dot clock i 
MCSO, MCS18 27, 28 Memory chip select 0, 1 O 
MWE? 29 Memory write enable O 
MAO-MA159 10-22, | Memory address 0-15 O 
24-26 
RDO-RD7° 31-36, Memory red data 0-7 1/0 
: ! 38-39 
GDO-GD739, '0 40-47 Memory green data 0-7 , 1/0 
BDO-BD72,10__ 48, 49 Memory blue data 0-7 1/0 
| 51-56 ! 
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Table 1 Pin Description (cont) 


Symbol 7 Pin Number Pin Name | 1/O 
PMODO, PMOD1 78, 79 Program mode O, 1 | | 
DOTE | a 80 Dot clock edge change | 
SPS | 81 Synchronization polarity select 
DMO-DM3 82-85 Display mode O-3 . 2. | 
CS (MPU programming) '! 98 Chip select | | 
MSO (pin programming) *! 98 Memory select O i 
WR (MPU programming)"1, 12 99 Write 

MS1 (pin programming) "' 99 Memory select 1 

RD (MPU programming) 12 1 Read 
AO (ROM programming) 1 | Address O | O 
XDOT (pin programming) — 1 X-dot | 
RS (MPU programming)" 100 Register select | 
ADJ (pin programming)'' 100 Adjust | { 
DO-D3 (MPU programming) 5-8 Data 0-3 1/0 
DO-D3 (ROM programming) 5-8 Data 0-3 | 
FO-F3 (pin programming) 5-8 Fine adjust 0-3 l 
A1-A3 (ROM programming)! 2-4 Address 1-3 O 
YLO-YL2 (pin programming)! 2-4 Y-line 0-2 . ] 
RES'4 97 ‘Reset | 
cD 86 Charge down © O 
CU 87 | _ Charge up -O 
Notes: When CRT display data is monochrome, G and B pins should be fixed low. 


1 

2. Fix high or low when regenerating the display timing signal internally. 

3. For 8-color display modes. 

4. For monochrome and 8-level gray scale display modes. 

5. Leave disconnected in 4-bit/single screen data transfer modes. 

6. Leave disconnected in monochrome and 8-level gray scale display modes. 

7. Leave disconnected when controlling TN-type LCD. 

8. Leave disconnected when using no buffer memories. 

9. Leave disconnected when using no buffer memories. 

O. In monochrome display modes, the LVIC writes the OR of R, G, B signals into R-plane 
RAMs. Thus, no RAMs are required for G and B planes in these modes. 
Pull up these pins with 20-kQ resistance. If G and B plane RAMs are connected in 
monochrome display modes, the LVIC writes G and B signals into each RAM. However, it 
does not affect the display or the contents of R-plane RAM whether G- and B-plane RAMs 
are connected or not. 

11. Fix high or low when controlling the LVIC by ROM programming method. 

12. WR and RD must not be low at the same time. 

13. Fix high or low when controlling the LVIC by MPU programming method. 

14. Make sure to input RES signal after power-on. 
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- Power Supply 


Vec1-Vec3: Connect Vec1-Vcec3 with +5 V. 
GND1-GND6: Ground GND1-GND6. 
CRT Display Interface 


R, G, B: Input CRT display R, G, B signals on 
R, G and B respectively. 


HSYNC: Input the CRT horizontal synchro- 
nization on HSYNC. 


VSYNC: Input the CRT vertical synchroni- 
zation on VSYNC. | 


DISPTMG: Input the display timing signal, 
which announces the horizontal or vertical 
display period, on DISPTMG. 


DOTCLE: Input the dot clock for CRT display 
on DOTCLK. 


LCD Interface 
RO-R3: RO-R3 output R data for the LCD. 


LUO-LU3: LUO-LU3 output LCD up panel 
data. 


GO0-G3: GO-G3 output G data for the LCD. 


LDO-LD3: LDO-LD3 output LCD down panel 
data. 


BO-B3: BO-B3 output B data for the LCD. 


CL1: CL1 outputs the line select clock for LCD 
data. 


 CL2: CL2 outputs the shift clock for LCD 


data. 


CL3: CL3 outputs the line select and shift — 


clock when a Y-driver is set on one side of an 
LCD screen (see “LCD System Configura- 
tion”). 


CL4: CL4 outputs the line select and shift 
clock when Y-drivers are set on both sides of 
an LCD screen (see “LCD System Configura- 
tion”). 


FLM: FLM outputs the first line marker for a 
Y-driver. 


M: The M output signal converts the LCD 
drive signal to AC. 


LDOTCK: LDOTCK outputs the LCD dot 
clock. 


HD66840F 


Buffer Memory Interface 


MCSO, MCS1: MCSO and MCSi1 output the 
buffer memory chip select signal. 


MWE: MWE outputs the write enable signal 
of buffer memories. 


MAO-MA15: MAO-MA15 output buffer 
memory addresses. 


RDO-RD7: RDO-RD7 transfer data between R 
data buffer memory and the LVIC. 


GD0-GD7: GDO0-GD7 transfer data between 
G data buffer memory and the LVIC. 


BDO-BD7: BDO-BD7 transfer data between B 
data buffer memory and the LVIC. 


Mode Setting 


PMODO0, PMOD1: The PMODO-PMOD1 input 
signals select a programming method (table 
6). 


DOTE: The DOTE input signal switches the 
timing of the data latch. The LVIC latches R, 
G, B signal at the falling edge of DOTCLK 
when DOTE is high, and at the rising edge 
when low. 


SPS: The SPS input signal selects the polarity 
of VSYNC. (The polarity of HSYNC is fixed.) 
VSYNC is high active when SPS is high, and 
low active when low. 


DMO-DM3: The DMO-DM3 input signals 
select a display mode (table 8). 


MSO-MS1: The MSO-MS1 input signals select 
the kind of buffer memories (table 2). 


XDOT: The XDOT input signal specifies the 
number of horizontal displayed characters. 
The number is 90 when XDOT is high, and 80 
when low. 


YLO-YL2: The YLO-YL2 input signals specify 
the number of vertical displayed lines (table 
3). 


ADJ: The ADJ input signal determines 


whether FO-F3 pins adjust the number of 
vertical displayed lines or the display timing 
signal. FO-F3 pins adjust the display timing 
signal when ADJ is high, and adjust the 
number of vertical displayed lines when low. 


FO-F3: FO-F3 input data for adjusting the 
number of vertical displayed lines (table 4), or 
the display timing signal (see “Fine 
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Adjustment of Display Timing Signal”). 
MPU Interface 


GS: The MPU selects the LVIC when CGS is 
low. 


WR: The MPU inputs the WR write signal to 
write data into internal registers of the LVIC. 
The MPU can write data when WR is low and 
cannot write data when high. 


RD: The MPU inputs the RD read signal to 
read data from internal registers of the LVIC. 
The MPU can read data when RD is low and 
cannot read data when high. 


RS: The MPU inputs the RS signal together 
with CS to select internal registers. The MPU 
selects data registers (RO-R15) when RS is 
high and CS is low, and selects the address 
register (AR) when RS is low and CS is low. 


DO-D3: DO-D3 transfer internal register data 
between the MPU and LVIC. — 


RES: RES inputs the external reset signal. 
ROM Interface — | 


A0-A3: AO-A3 output address 0 to address 3 
to an external ROM. 


DO-D3: DO-D3 input data from an external 
ROM to internal registers. 


PLL Circuit Interface 


CD: CD outputs the charge down signal to an 
external charge pump. 


CU: CU outputs the charge up signal to an 
external charge pump. 





Table 2 Memory Type and MS1, MSO 


Table 4 Fine Adjustment of Vertical 








Pins Displayed Lines 
MS1_MSO_ Memory Type F323 #F2 FI FO pean! Ne 
6) @) No memory 0 0 0 0 +0 
0 1. —- 8-kbytes memory 0 0 0 , era 
1 0 32-kbytes memory 0 0 1 0 +2 
1 1 64-kbytes memory 

1 1 1 Oo +14 
Table 3 Number of Vertical Displayed 1 _—s 1 + 15 
Lines and YLO-YL2 Pins | 
Number of Vertical Dis- 
YL2 YL1 YLO played Lines 
axe) ‘e) O 200 
O O 1 350. - 
0 1 0 400 
O 1 1 480 
1 0 om 512 
1 te) 1 540 
1 1 0 Prohibited 
1 1 1 
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Dicer Gt _.| generator 


CU. CD AO—A3 DO—D3 RS,CS,WR 
(> 4 £34 L113 


generator 
(Programm 
ee 






able counter Write counter Read counter 
phase (Horizontal, (Horizontal, 
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Registers 


Table 5 lists the internal registers and figure 1 
illustrates the bit assignment to the registers. 


Table 5 Register List 


Address Register Reg. Program Read/ 
CS RS 3 2 14 0 #.No. Register Name Unit Write 
1 Bs ed eh eee ee ae invalid =< = 
0 O - -~ — — AR _ Address register! — Ww 
6) 1 0 oO O 0 RO Control register 1 — R/W 
0 1 0) | 0 1 R1 Control register 2 an R/W 
(on | (0 ©) 1 O R2 Vertical displayed lines register (middle-order)2 Line R/W 
Oo 1 | Oo oO 1 1 R3 “Vertical displayed lines register (low-order)? _ Line —  R/W 
oO 1 0 4 O O  R4 __ Vertical displayed lines register (high-order)? Line R/W 
CL3 period register (high-order)3 | Char ‘R/W 
Oo 1 0 #14 +O 1. .R5 — CL3 period register (low-order)? | Char R/W 
1 0 1 1 6) R6 Horizontal displayed characters register (high- Char R/W 
order)* i 
0 1 @) 1 1 1 R7. Horizontal displayed characters register (low-or- Char R/W 
7 | der) | 
Oo. (1 1 O O 8 R8 CL3 pulse width register | Char = = =-R/W 
Oo 1 1 O 1 R9 __— Fine adjust register® | Dot R/W 
Oo. 1 1 Oo..1 O R10 _ PLL frequency-dividing ratio register (high-order) — R/W 
0 1 1 @) | 1 1 R11 PLL frequency-dividing ratio register (low-order)& = — R/W 
Oo 1 1 1 O O - R12 Vertical backporch register (high-order)2, 7 Line = R/W 
ae) 1 1 1 ‘@) 1 R13 Vertical backporch register (low-order)2, 7 Line R/W 
Oo 1 1 1 1 0 R14 _ Horizontal backporch register (high-order), ’ Dot R/W 
‘@) 1 1 1 1 | 1 R15 Horizontal backporch register (low-order), ” Dot R/W 


Notes: 1. If you attempt to read data from the register with RS = O, the bus is driven to high- 
impedance state and the output data is indefinite. 

(The specified value — 1) should be written into these registers. 

Valid only in 8-color display modes with horizontal stripes. 

The most significant bit is invalid in dual screen configuration modes. 

Valid only when the display timing signal is supplied externally. 

Valid only when generating the dot clock. 

Valid only when generating the display timing signal internally. 


NOOR WN 
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Address register 


Control register 1 


Control register 2 


Horizontal displayed 
characters register — 
CL3 pulse width register 
Fine adjust register _ 

PLL frequency- 
dividing ratio register 
| Vertical Backporch 
register 


Horizontal Backporch 


Note: indicates invalid bits. Attempting to read data from these register bits 
returns indefinite output data. | 





Figure 1 Register Bit Assignment 
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System Configuration 


Figure 2 is the block diagram of a system in 
which the LVIC is used outside of a personal 
computer. | 


The LVIC converts the R, G, B serial data sent | 


from the personal computer into parallel data 
and writes them into the buffer memories 
once. It reads out the data in turn and out- 
puts them to LCD drivers to drive an LCD. 
Here the latch clock of the serial data, namely 
the dot clock (DOTCLK) is generated by a PLL 


; circuit, using HSYNC as a basic clock. The 
_ frequency of the dot clock is specified by the 


PLL frequency-dividing ratio register (R10, 
R11). 


The user may also configure a system without 
VCO and LPF if supplying the dot clock 
externally and may configure a system with- 
out the MPU if the LVIC is controlled by the 
pin programming method. . 





a 
LPF 
DOTCLK 3 
fe | 


R, G, B serial data 


| sync 
| ot fT vsync 


Personal — 
computer 


VCO = Voltage-controlled oscillator 
LPF = Lowpass filter 





Buffer . | is possible 
memory 





Simultaneous LCD and CRT display 


CRT display 


Figure 2 System Block Diagram (MPU Programming Method, Regenerates DOTCLK) 
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Functional Description 
Programming Method 


The user may select one of two methods to 
control the LVIC functions: by pin program- 
ming method or by internal registers (internal 
register programming method). The internal 
register programming method can be divided 
into the MPU programming method and the 
ROM programming method. The MPU writes 
data into internal registers in the MPU pro- 
gramming method and ROM writes the data 
in the ROM programming method. Table 6 
lists the relation between programming 
method and pins. 
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Pin Programming Method: LVIC mode 
setting pins control functions in the pin pro- 
gramming method. 


Internal Register Programming Method: 
In the internal register programming method, 


an MPU or ROM writes data into internal | 


registers to control functions. Figure 3 illus- 
trates the connections of MPU or ROM and 
the LVIC. Figure 3 (1) is an example of using 
a 4-bit microprocessor, but since the LVIC’s 
MPU bus is compatible with the 4-MHz 80- 
family controller bus, it can also be connected 
directly with the bus of host MPU. 





Table 6 Programming Method Selec- 


tion 
Pins | 
PMOD1 PMODO Programming Method 
O- 0 Pin programming 
0 1 internal register With MPU 
1 0 Programming With ROM 
1 1 Prohibited (Note) 


Note: This combination is for a test mode and 
disables display. 





4-bit MPU 


(1) Connection of MPU and LVIC 








(2) Connection of ROM and LVIC 





Figure 3. Connection of MPU or ROM and LVIC 
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Screen Size 


Screen size can be programmed either by 
pins or internal registers. 


In the pin programming method, the user 
may select either 640 dots or 720 dots (80 
characters or 90 characters) as the number of 
horizontal displayed characters with the 
XDOT pin, and 200, 350, 400, 480, 512, or 540 
lines as the number of vertical displayed lines 
with YL2-YLO pins. The number of vertical 
displayed lines can be adjusted with ADJ and 
F3-FO pins within +0 to +15 lines. 


In the internal register programming method, 


Number of horizontal displayed characters 


Pin: XDOT 


Register: Horizontal displayed characters 


register (R6, R7) 


LCD screen 





the user may select any even number from 32 
dots to 4048 dots (= 4 characters up to 506 
characters) with the horizontal displayed 
characters register (R6, R7), and any even 
number from 4 lines up to 1028 lines with the 
vertical displayed lines register (R2, R3 and 
the high-order two bits of R4). However, odd 
number of lines can also be selected when 
screen configuration is single and a Y-driver 
(scan driver) is set on one side of an LCD 
screen. 


Figure 4 illustrates the relation between an 
LCD screen and pins and internal registers 
controlling screen size. | 


Number of vertical displayed lines 

Pin: YL2—YLO, ADJ, F3--FO 

Register: Vertical displayd lines 
register (R2, R3, high- 
order 2 bits of R4) 


Figure 4 Relation between LCD Screen and Pins and Internal Registers 


a | HITACHI | . | 
614 Hitachi America, Ltd. * Hitachi Plaza * 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 





Memory Selection 


The user may select 8-, 32-, or 64-kbyte 
SRAMs as buffer memory for the LVIC. Since 
the LVIC has a chip selector for these mem- 
ories, no external decoder is required. The 
user selects the memory with pins MS1 and 
MSO or with data bits MS1 and MSO of the 
control register 2 (R1). Table 7 lists the kinds 
of memories and pin address assignments. 


Memory capacity required depends on screen 
size and can be obtained with the following 
expression: 


Memory capacity (bytes) = Nhd x Nvd 
Nhd: number of horizontal displayed char- 
acters 
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Nvd: number of vertical displayed lines 


For example, a screen of 640 x 200 dots 
requires 16-kbyte memory capacity since 80 
characters < 200 lines is 16 kbytes. (8 dots 
compose a character.) Therefore, each plane 
needs two HM6264s, which have 8-kbyte 
memory capacity, in 8-level gray scale display 
modes. Connect MCSO with one of the mem- 
ories of each plane and MCS1 with the other 


(figure 5 (a)).. 








When the screen size is 640 x 400 dots, 32- 
kbyte memory capacity is required (figure 5 
(b)). Therefore, each plane needs a HM62256, 
which have 32-kbyte memory capacity. 


Connect MCSO with CS of the memories here. 





Table 7 Memories and Pin Address Assignment 


Pins or Bits 


MS1 MSO 


Memory Address Output Pins 
0 0 No memory) — 
0 1 8-kbytes MAO-MA12 
1 0 32-kbytes MAO-MA14 
1 1 64-kbytes MAO-MA15 


Note: 1. 


Chip Select Pins Address Assignment 


MCSO $0000-$1 FFF 
MCS1 —$2000-$3FFF 
MA13 $4000-S5FFF 
MA14 $6000-$7FFF 
MA15 $8000-$9FFF 
MCSO $00000-$07F FF 
MCS1 $08000-SOFFFF 
MA15 $10000-$17FFF 
MCSO $00000-SOFFFF 
MCS1 $10000-$1 FFFF 


There are some limitations when the user uses no memory. Refer to “User Precautions.” 
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Ex. 640x200 dot | . Ex. 640400 dot 












CS yme264 8 © dprtea CSim622568 
MCSO Cc MCSO R a 


HM62256 


CS 
HM6264 


= 
HM6264 z 





(a) 16-kbytes Memory system (b) 32-kbytes Memory system - 


Figure 5 Relation between Display Screen Memories 
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LCD data output, how to set LCD drivers 
around an LCD screen, how to arrange color 
data (= type of stripes), and how to output Ms. 
signal (= type of alternating signal). Table 8 
lists display modes. 


Display Modes 


The LVIC supports 16 display modes, depen- 
ding on the state of the DM3-DMO pins. The 
display mode consists of display color, type of 





Table 8 Modes List 





LCD Data Output 
Mode Pins Display Data Screen LCD Driver Setting 
No. DM3 DM2 DM1 DMO Color Transfer Config. X-Driver? Y-Driver® Stripe‘ Alternating 
1 0 O QO O Monochrome 4-bits Dual One side One side _ Per frame 
2 Oo O 0 1 Single 
31 ‘@) @) 1 ‘e) Both sides 
4 0) @) 1 1 8-bits One side 
Oc | Both sides 
6 0 1 0) 1 8-level 4-bits Dual One side 
7 0 1 1 0] gray scale Single 
8 0 1 1 1 8-bits 
9! 1 0 Oo O 8-color 12-bits Vertical Per line 
10!. 1 0 0 1 (4 bits ) Both sides 
114 1 OO 1 0 for R,G,B Both sides One side 
121 1 0 1 1 each) Both sides 
-131 1 #717 +40 =~0 One side Oneside Horizontal — 

141 #1 1 0 1 Both sides 
1511 1 1 0 Both sides One side 
161 1 1 1 1 Both sides 
Notes: 1. For TFT-type LCD 

2. Data output driver 

3. Scan driver 

4. Refer to “Display Color, 8-Color Display” 
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Display Color 


The LVIC converts R, G, B, the color data for 
CRT display, into the monochrome, 8-level 
gray scale, or 8-color display data. 


Monochrome Display (Mode 1 to Mode 5): 
In monochrome modes 1-5, the LVIC displays 
two colors, namely black (= display on) and 
white (= display off). As shown in table 9, the 
OR of CRT display R, G, B data determines the 
display color. 


8-Level Gray Scale Display (Mode 6 to 
Mode 8): In 8-level gray scale modes 6-8, the 
LVIC thins out data on certain lines to display 
an 8-level gray scale according to CRT display 


color (luminosity). Table 10 shows the relation 
between CRT display color (luminosity) and 


' LCD color (contrast). 


8-Color Display (Mode 9 to Mode 16): In 8- 
color modes 9-16, the LVIC displays 8 colors 
with red (R), green (G), and blue (B) filters on 
liquid crystal cells. The eight colors are the 
same as those provided by CRT display. As 
illustrated in figure 5, 8-color display has of 
two stripe modes: horizontal stripe mode and 
vertical stripe mode. In the former mode, the 
LVIC arranges R, G, B data horizontally, with 
horizontal filters. In the latter mode, the LVIC 
arranges R, G, B data vertically, with vertical 
filters. Three cells express a dot in’ both 
modes. | 





Table 9 Monochrome Display 








CRT Display Data LCD 

R G B CRT Display Color On/Off Color 

1 1 1 White On Black 

1 1 0 Yellow On Black 

0] 1 Zz Cyan On Black 

0 1 0) Green On Black 

1 0 1 Magenta On Black 

1 0 0 Red On Black 

0 0 1 Blue On Black ioe 

0 0 0 Black Off White eee 

Table 10 8-Level Gray Scale Display 

CRT Display Data CRT LCD 

R G B Color Luminosity Color Contrast 

1 1 1 White High Black Strong 

1 1 0 Yellow 

‘@) 1 1 Cyan 

0 1 6) Green 

1 @) 1 Magenta 

1 0 @) Red 

07 0 1 Blue 

0 0 me) Black Low White Weak 
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X-driver X-driver 


1 dot 


R filt 
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B filter 
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G filter 
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Horizontal Stripe Vertical Stripe 





Figure 6 Stripe Modes in 8-Color Display 
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LCD System Configuration @ How to set LCD drivers around LCD 
. screen: 
—X-driver: On one side or on both sides ~ 


The LVIC supports the following system con- 
—Y-driver: On one side or on both sides 


figurations for LCD: 


@ Types of LCD data output: Figure 7 illustrates these system configura- 
—Data transfer: 4-bit, 8-bit, or 12-bits (4 tions by mode. 
bits for R, G, B each) 
—Screen configuration: Single or dual 


[Ue panel Xaver | [xan 
eae Fi Pe 


LCD up panel 


Y—driver 


LCD down panel 


| 
Patt 
[Down panel vor 


System Configuration for Mode 1 and Mode 6 (4- 
Bits Data Transfer, Dual Screen, X-Driver and Y- 
Driver on One Side Each) (Note) 


4-bit 


System Configuration for Modes 2, 4,7, 8,9, and 
13 (4-, 8-, or 12-Bits Data Transfer, Single Screen, 
X-Driver and Y—Driver on One Side Each) 


4-, B-, 12-bit 


aver 


Data 


Left Y—driver 
Right Y—driver 


ee Se 


12-bit 


System Configuration for Modes 3, 5, 10, and 14 | System Configuration for Mode 11 and Mode 15 
(4-, 8-, or 12-Bits Data Transfer, Single Screen, X- (12-Bits Data Transfer, Single Screen, X-Driver on 
Driver on One Side and Y-Driver on Both Sides) Both Sides and Y—Driver on One Side) : 


Note: Although there are two X-drivers, the X-driver is considered to be set on one 
side, not on both sides, because the LCD up panel and down panel are each 


regarded as one screen. 





Figure 7 System Configurations by Mode 
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Calculation of LDOTCK 


LDOTCK frequency f, is calculated from the 
following expression: 


f, = (Nhd + 6) X 8 X Nvd X fr | 

Nhd: number of horizontal characters dis- 
played on LCD 

Nvd: number of virtical displayed lines on 
LCD 
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fy: FLM frequency 


Here f, must hold the following relation, 
where fp is frequency of dot clock for CRT 
display (= DOTCLK). 


f, < fp X 15/16 or 
f, = fp (The LDOTCK phase must be inverse 
of the DOTCLK phase in this case) 


Up X-driver 


be 
i) 
= 
pos 
7 
> 
5 
wad 


12-bit 


Right Y—driver 


Down X-driver 


System Configuration for Mode 12 and Mode 16 
(12-Bit Data Transfer, Single Screen, X—Driver 
and Y-Driver on Both Sides Each) 


Notes: 1. X-drivers on both sides: Data output wires run from up and down X-drivers 
alternately, which widens the interval between wires to twice that for an X-driver an 


one side (figure 8). 


Y-drivers on both sides: Line select signal output wires run from right and left Y- 
drivers alternately, which widens the interval between wires to twice that for Y- 


driver on one side (figure 9). 


Figure 7 System Configurations by Mode (cont) 


Up X-driver 


Data output 
wires 


Figure 8 X-Drivers on Both Sides 






















| [ara ne 
| [ae ne 
Ie 


Signal output wires 











Left Y-driver 







Figure 9 Y-Drivers on Both Sides © 
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Display Timing Signal Generation 


CRT display data is classified into display 
period data and retrace period data. Only 
display period data is necessary for LCD. 
Therefore, the LVIC needs a signal announc- 
ing whether the CRT display data transferred 


is for the display period or not. This signal is 


the display timing signal. 


The LVIC can generate the display timing 
signal from HSYNC and VSYNC. Figure 10 
illustrates the relation between HSYNC, V- 


SYNC, the display timing signal (DISPTMG), 


and display data. Y lines and X dots in the 
figure are specified by the vertical backporch 
register (R12, R13) and the horizontal back- 
porch register (R14, R15) respectively. 





VSYNC | | 


Y lines (= Vertical backporch) 


HSYNC l [| 7 [| 


X dots (= Horizontal backporch) 


DISPTMG 7 CY : 


| Display period Retrace period 


(= No. of horizontal 
displayed characters) 


Display 





Figure 10 Relation between HSYNC, VSYNC, DISPTMG, and Display Data 


invalid 
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Dot Clock Generation 


The dot clock, which is a data latch clock, is 
not a standard video signal and does not 


appear from the CRT display plug. Thus it is — 


necessary to generate the dot clock. The 
LVIC has a programmable counter and a 
phase comparator which are parts of a PLL 
circuit, and can generate the dot clock from 
HSYNC if a charge pump, a lowpass filter 
(LPF), and a _ voltage-controlled oscillator 
(VCO) are externally attached. 


Figure 11 is a block diagram of a PLL circuit. A 
PLL (phase-locked loop) circuit is a feedback 
controller regenerating a clock whose fre- 
quency and phase are the same as those of a 
basic clock. The basic clock is HSYNC here. 


At power-on, VCO outputs to the program- 
mable counter a signal whose frequency 
depends on the voltage at the time. The 


| Phase 
comparator 4 LPF 


inside LVIC 


Written value in 
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counter divides the frequency of the signal 
according to the value in the PLL frequency- 
dividing ratio register (R10, R11) and outputs 
it to the phase comparator. This is the 
frequency-divided clock. 


The comparator compares the edges of the 
clock and HSYNC and outputs CU or CD 
signal to the charge pump and LPF according 
to the result. The comparator outputs CU 
when the frequency of the clock is lower than 
that of HSYNC or when the phase of the clock 
is behind that of HSYNC, while it outputs CD 
in the contrary case. The charge pump and 
LPF apply voltage to the VCO according to 
CU or CD signal. 


This operation is repeated until the phase 
and the frequency of the frequency-divided 
clock coincide with those of HSYNC, making 
it a stable dot clock. 


Charge pump 


Frequency- 
divided clock 


PLL frequency-dividing ratio => Programmable 
register (R10, R11) counter 


Timing clock generator 





DOTCLK 


Figure 11 PLL Circuit Block Diagram | 
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Doubled-in-Height Display 


Doubled-in-height display doubles characters 
and pictures in height as illustrated in figure 
12. 


In TN-type LCD modes (= modes 1, 2, 4, 6, 7, 
and 8), CL3 frequency is twice as high as CL1 
frequency (figure 13). As a result, using CL3 
instead of CL1 as a shift clock (figure 14) 
enables two lines to be selected while an X- 
driver (data output driver) is outputting the 
same data, realizing doubled-in height dis- 


play. However, the following procedures are 
necessary in this display since multiplexing 
duty ratio becomes twice as great as the 
value specified as the number of vertical 
displayed lines. 


1. Halve the frequency of the LCD dot 
clock (= LDOTCK) 

2. Halve the number of vertical displayed 
lines 


This function is provided only for TN-type 
LCD. 








Normal display 





Figure 12 Doubled-in-Height Display Example 





Doubled-in-height display 
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“CL3 


X-driver 
output 


Y—driver 





4 (or 8) bits 
LUO—LU3, LDO—LD3 . 


cle 7 X-drivers (data output drivers) 


LCD Panel 


Y-driver (scan driver) 





Figure 14 Connection for Doubled-in-Height Display 
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Display Timing Signal Fine Adjusment 


When the display timing signal is supplied 
externally, a phase shift might appear 


between CRT data and the display timing 


signal. This is because each signal has its own 
peculiar lag. The LVIC can adjust the display 
timing signal with the FO-F3 pins or the fine 
' adjust register (RQ) to correct this phase shift. 


Table 11 shows the relation between F3-F0 
pins, data bit 3 to data bit 0 of the fine adjust 
register, and fine adjustment. Concerning the 
polarity of the number of dots adjusted, — 
indicates advancing the phase of the display 
timing signal and + indicates delaying it. F3 


pin or data bit 3 of R9 selects the polarity. The 
adjustment reference point is the display 
start position. | 


Figure 15 shows examples of adjusting the 


display timing signal. Since the signal is two 
dots ahead of the display start position in 


~ case (1), (F3, F2, F1, FO) or (data bits 3, 2, 1, 0 of 


RY) should be set to (1, 0, 1, 0) to delay the 
signal for two dots. Since the signal is two 
dots behind the display start position in case 
(2), they should be set to (0, 0, 1, 0) to advance 
the signal for. two dots. When there is no need 


- to adjust the signal, settings of either (0, 0, 0, 


0) or (1, 0, 0, 0) will do. 





Table ii Pins, Data Bits of R9, and Fine 





Adjustment 
Pin: F3 F2 F1 FO Number of Dots 

RO Bit: 3 2 #1 ##O Adjusted 
0 0 0 0 0 
Oo oO 1 : - 1 
1 1 Ce) - 6 
1 1 1 | - 7 
1 0 oO O 6) 
Oo oO 1 + 1 
1 1 0 +6 
1 + 7 

Note: When adjusting the display timing signal 


with pins, set ADJ pin to 1. 
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ene Display start position 
| 
CRT data 


ag ee 
| two dots advanced | 
f 


I 
DISPTMG 
before adjustment 


(F3, F2, F1, FO,)/ 
(Data bits 3, 2, 1, O of R9) 
= (1,0, 1, 0) 


{ 

I 
Display Timing Adjust : 

| 

| 

| 
DISPTMG | 
after adjustment 


(1) Delaying DISPTMG 


}<«———- Display start position 
| ' 
_ § 


CRT data 


L_____ 
| two dots delayed 


DISPTMG 
before adjustment . 
Display Timing Adjust 
(F3, F2, F1, FO)/ 
(Data bits 3, 2, 1, O of R9) 
= (0, O, 1, O) 


DISPTMG 
after adjustment 


(2) Advancing DISPTMG 


Figure 15 Adjustment of Display Timing Signal 
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Internal Registers 


The LVIC has an address register (AR) and 


sixteen data registers (RO-R15). In order to 


specify one of the sixteen data registers, 
write its register address into the address 
- register. The MPU transfers data to the data 
register corresponding to the written 
address. 


All the registers are valid only when the LVIC 
is controlled by the internal register pro- 
gramming method and are invalid (don't 
care) when by the pin programming method. 


Address Register (AR) 


The address register (figure 16) is composed 
of four bits and specifies one data register out 
of sixteen. This register is selected by the 
MPU when RS pin is low and specifies any 
data register with the register address writ- 
ten by the MPU. 


Data Bit 


Control Register 1 (RO) 


Control register 1 (figure 17) is composed of 
four bits, including two invalid bits. Each of 
two valid bits has its own function. Reading 
from and writing into invalid bits are possible. 
However, these operations do not affect the 
LSI function. | 


@ DSP Bit 7 
—DSP = 1: LVIC generates the display 
timing signal 7 
—DSP = 0: LVIC does not generate the 
display timing signal 
(If DCK = 1, the display timing signal is 
generated in spite that DSP = 0) 


_@ DCKBit | 


—DCK = 1: LVIC generates the dot clock 
—DCK = 0: LVIC does not generate the 
dot clock 


ETE 
Ese ia eo) 





Figure 16 ‘Address Register 
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Figure 17 Control Register 1 
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Control Register 2 (RO) 


Control register 2 (figure 18) is composed of 
four bits and has three functions. 


@ MC Bit | 
—MC = 1: M signal alternates per line 
—MC = 0: M signal alternates per frame 


@ DON Bit 
—DON = 1: Display on 
—DON = 0: Display off 


@ MSi1 and MSO Bits 
—Select the memory type (table 12) 


Vertical Displayed Lines Register (R2, 
R3, High-Order 2 Bits of R4), CL3 Period 
Register (Low-order 2 Bits of R4, R5) 


The vertical displayed lines register (figure 
19) is composed of ten bits (R2 + R3 + high- 
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order two bits of R4) and specifies the num- 
ber of vertical displayed lines. This register 
can specify both even and odd numbers in 


_ modes for a Y-driver on one side and single 


screen configuration, but even numbers only 
in the other modes. The value to be written 
into this register is (Nvd — 1), where Nvd = 
number of vertical displayed lines. 


The CL3 period register is composed of six 
bits (low-order two bits of R4 + R5) and 
specifies the period of CL3 in 8-color display 
modes with horizontal stripes. Thus this reg- 
ister is invalid in the other modes. CL3 is a 
clock for the LVIC to output R, G, B data 
separately to LCD drivers. The value to be 
written into this register is (Nhd + 6) x 1/3 — 
1, where Nhd = number of horizontal dis- 
played characters. When (Nhd + 6) is not 
divisible by 3, the quotient should be rounded 
up or rounded down. 





Table 12 Memory Type and MS1, MSO 


MS1 MSO Memory Type 
0 0 No memory 

0 1 8-kbytes 

1 6) 32-kbytes 

1 1 64-kbytes 


















| TS a. 
| DataBit | 3/2); 3 /27;r1fo;si2irtotifo}{3{2iiftot 


Nvd — 1 (Unit: Lines) | (Nhd + 6) x 1/3 —1 | 
(Unit: Characters) 


Vertical Displayed Lines Register 


Figure 19 Vertical Displayed Lines Register and CL3 Period Register 


CL3 Period Register 





~ 


| HITACHI | 
Hitachi America, Ltd. * Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300 629 

















-HD66840F 


Horizontal Displayed Characters Regis- 
_ ter (R6, R7) 


The horizontal displayed characters register 


(figure 20) is composed of eight bits (R6 + R7) . 


and specifies the number of horizontal dis- 


played characters. This register can specify | 
even numbers only. The most significant bit | 


of R6 is invalid in the modes for dual screen 
configuration. When writing into this regis- 
ter, shift. (Nhd — 1) in the low-order direction 
for one bit to cut off the least significant bit. 
Figure 20 shows how to write a value into the 
register when Nhd = 90. 


CL3 Pulse Width Register (R8) 


The CL3 period register (figure 22) is com- 
posed of four bits and specifies the high-level 
pulse width of CL3. When controlling TFT- 
type LCDs, each gate of the LCD has to hold 
data from the time a Y-driver outputs the line 
select and shift signal to the time an X-driver 
the outputs next display data. Data must be 
held while CL3 is high. However, even when 
the LVIC is not controlling TFT-type LCDs, 
CL3 appears with the high-level pulse width 
specified by this register. 





R6 










([tae tr _] 


TT | i 
sl 2i{r1fo{sl2}ifo| 
ee eee 


Nhd — 1 without its least significant bit (Unit: Characters) 


R7 






Figure 20 Horizontal Displayed Characters Register 


| | 0 | 
| Value | O | O} 1] OF 





Figure 21 How to Write The Number of Horizontal Displayed Characters 


ee 
[daase (32 [ipo 


vaue 


TN-type LCD modes: Npw 


TFT-type LCD modes: Npw — 5 (Unit: Characters) 
-Npw = number of horizontal characters while CL3 is high 





Figure 22 CL3 Pulse Width Register 
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Fine Adjust Register (R9). 


The fine adjust register (figure 23) is com- 
posed of four bits and adjusts the externally 
supplied display timing signal to synchronize 
its phase with that of LCD data. The value to 
be written into this register is determined by 
the interval between the positive edge of the 
display timing signal and the display start 
position. For more details, refer to “Display 
Timing Signal Fine Adjustment.” This register 
is invalid when the display timing signal is 
generated internally. 


PLL Frequency-Dividing Ratio Register 
(R10, R11) 


The PLL frequency-dividing ratio ‘register 
(figure 24) is composed of eight bits (R10 + 
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R11) and specifies the PLL frequency-dividing 
ratio for generating a dot clock by a PLL 
circuit. The value to be written into this reg- 
ister is determined by the ratio of the fre- 
quency of HSYNC to that of the dot clock 
which the user wants. This register is invalid 
when the dot clock is supplied externally and 
is valid only when the LVIC is controlled by 
the internal register programming method 
and the DCK bit of control register 1 (RO) is 1. 
The written value in this register (Npzz) is 
obtained with the following expression: 


Netz =Ncht X< 8 — 731 

Ncht: total number of characters for CRT 
Ncht can be obtained as follows from the 
specifications of a CRT monitor: 

Ncht = 1/8 x (DOTCLK frequency)/ 
(HSYNC frequency) 





(Cosas {3 p2[1 po) 


Absolute value of Nda (Unit: Dots) 


Selects polarity { 


OQ: + (Advance the display timing signal) 
1: — (Delay the display timing signal) 





Nda = number of dots adjusted 





Figure 23 Fine Adjust Register 





Frequency-Dividing Ratio 
HSYNC : Dot Clock 





Figure 24 PLL Frequency-Dividing Ratio Register 
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Vertical Backporch Register (R12, R13) 


The vertical backporch register (figure 25) is 
composed of eight bits (R12 + R13) and spec- 
ifies the vertical backporch. The vertical 
backporch is the number of lines between the 
positive edge of VSYNC and that of the dis- 
play timing signal (DISPTMG). For more 
details, refer to “Display Timing Signal Gen- 
eration.” This register is invalid when the 
display timing signal is supplied externally 
and is valid only in a system which controls 
the LVIC by the internal register program- 
ming method and where the DSP bit of con- 
trol register 1 (RO) is 1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be regenerated and the register is 
enabled even when DSP = 0.) 


Horizontal Backporch Register (R14, R15) 


The horizontal backporch register (figure 26) 
is composed of eight bits (R14 + R15) and 
specifies the horizontal backporch. The hori- 
zontal backporch is the number of characters 
between the positive edge of HSYNC and 
that of the display timing signal (DISPTMG). 
For more details, refer to “Display Timing 
Signal Generation”. This register is invalid 
when the display timing signal is supplied 
externally and is valid only in a system which 
controls the LVIC by the internal register 
programming method and where the DSP bit 
of control register 1 (RO) is 1. (If the DCK bit of 


- control register 1 (RO) is 1, DISPTMG will 


always be generated and this register is 
enabled even when DSP = 0.) 





EE SS 
(pawer (3]2[i]ol{s]2]ijo. 
Mies ee 


Nevbp — 1 (Unit: Lines) | 
Ncvbp = number of lines between the positive edge of VSYNC and 





that of DISPTMG 


[bates (3[2]7[o; sls] ilo) 
le ie ee 


Figure 25 Vertical Backporch Register 


Nchbp x 8 — 1 (Unit: Dots) 
Nchbp = number of characters between the positive edge of HSYNC and 


that of DISPTMG 





Figure 26 Horizontal Backporch Register 
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Reset 


RES pin resets and starts the LVIC. Make sure 
to hold the reset signal low for at least 1 us 
after power-on. 


Reset is defined as shown in figure 27. 
State of Pins During Reset 


RES basically does not control output pins 
and operates regardless of the other input 
pins. Output pins can be classified into the 
following five groups depending on their re- 
set state. 


1. Keeps state before reset: CL2 . 

2. Driven to high-impedance state (fixed 
low when using no memory): RDO-RD7, 
GDO-GD7, BDO-BD7 en | 

3. Fixed high: MWE, CL4, M, CD, MCS1 
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4. Fixed low: MAO-MA12, RO-R3, GO-G3, BO- 
B3, CS, CL1, CL3, FLM, A0O-A3, CU 

5. Fixed high or low depending on the 
memory in use (table 13): MA13-MA15, 
MCSO 





State of Registers During Reset 


RES pin does not affect register contents. 
Therefore, registers can be both read and 
written by the MPU even during reset. Reg- 
isters keep the contents they had before reset 
until they are rewritten. 


Memory Clear Function 
After reset, the LVIC writes O in the memory 


area specified by MSELO and MSEL! (table 7) 
regardless of R, G, B data. 





Table 13 Memory Type and State of Pins During Reset 


Kind of Memories MA13 MA14 MA15 mcso 
No memory Low Low High High 
8-kbyte memory —s—=w High High High Low 
32-kbyte memory _ Low . Low High Low 

- 64-kbyte memory | Low Low Low Low 





After reset 


At reset ~ During reset 
(Reset state) 





Figure 27 Reset Definition 
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User Precautions 


1. 


There are the following limitations when 
the user uses no memory (MSELO = 0, 


MSEL1 = 1). 


@ The display modes for dual screen 
configuration (= mode 1 and mode 6) 
are disabled. 

e The LVIC cannot support the LCD 
systems with Y-drivers on both sides. 


Even if the user selects the mode fora | 


system with Y-drivers on both sides 
(= mode 3, 5, 10, 12, 14, or 16), the 
operation of the LVIC is exactly the 
same as that in the mode for the sys- 
tem with a Y-driver on one side (= 
mode 2, 4, 9, 11, 13, or 15). 


Leave CL4 terminal disconnected in this . 


case. 


Programming 


The LVIC might operate irregularly until 
the internal registers have been written 
after reset in the system which controls 


the LVIC by internal register program- 
_-ming method. 


Memory clear function might not work 
normally at power-on or after reset if 
MSELO and MSEL171 are not properly set to 


the value corresponding to the memories 


in use. 


Since the LVIC is a CMOS LSI, input pins 
must not be left disconnected. Refer to 
table 1 concerning how to deal with each 
pin. 


The values written in internal registers have 
the limits listed in table 14. The symbols in the 


table are defined as shown in table 15 and 
figure 27. 





Table 14 Limit on Values Written in Registers 
Function Limit . Notes Applicable Registers 
Screen 4 = Nvd Ss (Nevbp + Nevsp) — 1 S 1024 R2, R3, R4, R6, R7 
Configuration 4 S Nhd S (Nchbp x 1/n + Nchsp) —- 15506 1,8 
(Nhd + 6) x n X Nvd Xfe = fo = 30 MHz 2,8 R2, R3, R4, R6, R7 
CL3 Control 1 = Npw &S (Nhd + 6) x 1/2 —1 3 R4, R5, R6, R7, R8& 
1 = Now S Nhd 4 | 
1 3S Now S Noc — 1 5 
DISPTMG 1 = Nchbp $256 3 6 __ R12, R13, R14, R15 
Regeneration 1 = Nevbp = 256 6 _ 
~ Without | 4 = Nhd S Nehsp — 4 7 R2, R3, R4, R6, R7 
Buffer Memory 4 3S Nvd S Nevsp — 4 7 


fe: FLM frequency, fo: frequency of CRT dot clock, f.: frequency of LCD dot clock for LCD 


Notes: 1. Nhd = 256 in dual screen configuration (= mode 1 and mode 6) 
2. 
fi < fp x 15/16, or fi. = fp 
3. In modes 1, 2, 4, 6, 7, and 8 
4. In modes 3, 5, 9, 10, 11, and 12 (Npw = (value in R8) + 5) 
5. In modes 13, 14, 15, and 16 (Npw = (value in R8) + 5) 
6. Value in R14, R15 s (Nchsp < n + Nchbp) — Nhd x n — 2 
Value in R12, R13 = (Ncvsp + Nevbp) — Nvd — 2 
7. Nht = Nchsp + Nchbp x 1/n, Nd = Nevbp + Nevsp 
(Nht = Nhd + 6, Nd = Nvd when using buffer memory) 
8 


n: Horizontal character pitch (the number of horizontal dots in one character). 
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Table 15 Symbol Definition 


Symbol 
Nchd 
Nchsp 


Nchbp 
Nevbp 
Necvsp 


Ncvd 
Nhd 
Npc 
Npw 
Nht 
Nvd 


Definition 
Number of horizontal displayed characters on CRT display 


Number of characters between the positive edge of DISPTMG and that of HSYNC = Horizon- 
tal sync position) 


Number of dots between the positive edge of HSYNC and that of DISPTMG (= horizontal 
backporch) 


Number of lines between the negative edge (positive edge when VSYNC is high in active state) 
of VSYNC and the first positive edge of DISPTMG (= vertical backporch) 


Number of lines between the first positive edge of DISPTMG and the next negative edge of 
VSYNC (= vertical sync position) 


Number of vertical displayed lines on CRT display 

Number of horizontal displayed characters (on LCD) 

Number of characters during CL3 period (= CL3 pulse cycle) 
Number of characters while CL3 is high (= CL3 pulse width) 
Total number of horizontal characters 

Number of vertical displayed lines (on LCD) 
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Figure 28 Symbol Definition 
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Absolute Maximum Ratings 


item Symbol Ratings . Unit 
Power supply voltage Vec - 0.3 to + 7.0 V 
Input voltage Vin —- 0.3 to Vcc + 0.3 V 
Operating temperature Topr — 20to + 75 al @: 
Storage temperature Tstg - 55 to + 125 C 


Notes: 1. Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc =5.0 V + 10%, GND = OV, Ta 
= —20°C to + 75°C). If these conditions are exceeded, it could affect ee of the LSI. 

2. All voltages are referenced to GND = OV. 





Electrical Characteristics 


DC Characteristics 1 (Vcc = 5.0 V + 10%, GND = OV, Ta = — 20°C to + 75°C, unless otherwise 


noted) 
item Symbol Min Max Unit Test Conditions 
Input high voltage RES Vin Vec —- 0.5 Vec + 0.3 V 
_ TTL interface! 2.0 Vec + 0.3 
TTL interface“ 2.2 Vec + 0.3 
CMOS interface’ 0.7 Vec Vec + 0.3 
Input low voltage TTL interface’, RES Vt -0.3 £08 V 
TTL interface® -0.3 0.6 
CMOS interface’ -0.3 0.3 Vcc 
Output high voltage —‘ TTL interface? VoH 2.4 — V lon = —200 wA 
CMOS interface? Vec - 0.8 — lon = —200 vA 
Output low voltage TTL interface VoL = 0.4 V lo. = 1.6 mA 
CMOS interface? = | 0.8 lo. = 200 vA 
Input leakage current All inputs except hie 25% 2.5 uA 
1/0 common pins? 
Three state (off-state) I/O common pins? = Its. -10.0 10.0 uA 
leakage current . 
Current consumption — lec = 250 mA fpotctk = 25 MHz 


Output pins left 
disconnected 


Notes: 1. TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, RDO-RD7, GDO-GD7, BDO- 
BD7, DO-D3, AO/RD/XDOT, RS/ADJ, CS/MSO 
CMOS interface inputs: DMO-DM3, DOTE, PMODO, PMOD1, A1/YLO-A2/YL2 
2. TTL interface outputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO- D3, RDO-RD7, GDO-GD7, 
BDO-BD7, MAO-MA15, MCSO, MCS1, MWE 
CMOS interface outputs: CU, CD, RO/LUO-R3/LU3, GO/LDO-G3/LD3, BO-B3, M, FLM, 
CL1, CL2, CL3, CL4 
3. 1/0 common pins: AO/RD/XDOT, A1/YLO- A3/YL2, DO-D3, RDO-RD7, GDO-GD7, BDO- 
BD7 
' Inputs except 1/O common pins: HSYNC, VSYNC, PMODO, PMOD1, RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DMO-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 
4. TTLinterface: WR/MS1, LDOTCK, DOTCLK | 
5. TTL interface: WR/MS1 
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DC Characteristics 2 (Vcc = 5.0V +5%, GND = OV,Ta = — 20°C to + 75°C, unless otherwise 


Notes: 1. 


noted) 
item Symbol Min Max Unit Test Conditions 
Input high voltage RES | Vin Ver ~- 0.5 Vec + 0.3 V 
TTL interface!, RES 2.0 Vec + 0.3 
CMOS interface! 0.7 Vec Vec + 0.3 
Input low voltage TTL interface!’ Vit —0.3 0.8 V 
CMOS interface! -0.3 0.3 Vec 
Output high voltage TTL interface2 Vou 2.4 — V lon = —200 nA 
a CMOS interface? Vec ~ 0.8 — lon = —200 vA 
Output low voltage TTL interface VoL = 0.4 V lo. = 1.6 mA 
CMOS interface? oc 0.8 lo. = 200 vA 
Input leakage current All inputs except hit —2.5 2.5 BA 
1/O common pins? . : 
Three state (off-state) !/O common pins? Its. -10.0 10.0 WA 
leakage current 
Current consumption — lec ae 250 mA footctk = 30 MHz 


Output pins left 
_ disconnected 


TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, DOTCLK, LDOTCK, RDO-RD7, 
GDO-GD7, BDO-BD7, DO-D3, AO/RD/XDOT, RS/ADJ, CS/MSO, WR/MS1 

CMOS interface inputs: DMO-DM3, DOTE, PMODO, PMOD1, A1/YLO-A2/YL2 

TTL interface outputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO- RD7, GDO-GD7, 
BDO-BD7, MAO-MA15, MCSO, MCS1, MWE: 

CMOS interface outputs: CU, CD, RO/LUO-R3/LU3, GO/LDO-G3/LD3, BO-B3, M, FLM, 
CL1,CL2,CL3,CL4 __ | 

1/0 common pins: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, BDO- 
BD7 

Inputs except I/O common pins: HSYNC, VSYNC, PMODO, PMOD1, RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DMO-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 
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Video Signal Interface 





item | Symbol Min Max. Unit Remark 
DOTCLK cycle time tcycp 40 1000 ns 

DOTCLK high-level pulse width twou 20 = ns 

DOTCLK low-level pulse width two. 20 = ns 

DOTCLK rise time ton — 5 ns 

DOTCLK fall time tor aa 5 ns 

R, G, B, setup time tvps 10 = ns 

R, G, B, hold time tvbH 10 =e ns 

DISPTMG setup time tots 10 _ ns 

DISPTMG hold time toTH 10 = ns 

HSYNC setup time tuss 10 oe ns 

HSYNC hold time _ aie 10 S ns 

Phase shift setup time teps 2 tcycp se ns 

Phase shift hold time tppH 2 tcycp = ns 

Input signal rise time tor2 = 10 ns Except DOTCLK 
Input signal fall time | tor2 = 10 ns Except DOTCLK 
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DOTCLK 


DOTCLK 


DISPTMG | 





Figure 29 Video Signal Interface 
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Buffer Memory Interface 





Item Symbol Min Max Unit 
Read cycle time tro 5 tcyvcp — 50 saat ns 
RDO-RD7, GDO-GD7, BDO-BD7 tsmp 25 = ns 
data setup time 
RDO-RD7, GDO-GD7, BDO-BD7 tump 0) — ns 
data hold time 
Write cycle time twc : 6 tcycp — 50 a ns 
Address setup time tas tcycp — 30 am ns 
Address hold time | twr tcycp — 30 — ns 
Chip select time | tow 4 tcycp — 40 -_ ns 
Write pulse width twp 4 tcycp — 40 ae ns 
RDO-RD7, GDO-GD7, BDO-BD7 Tao 2 tevep — 25 " ns 
_ Output setup time 
RDO-RD7, GDO-GD7, BDO-BD7 tumpw 0 | — ns 


output hold time 


Note: tcycp indicates DOTCLK cycle time (min 40 ns, max 1000 ns). 
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LCD Driver Interface (TN-Type LCD Driver) _ 


item Symbol Min Max Unit 
CL2 cycle time | twci2 166 = ns . 
CL2 high-level pulse width tWCL2H | 50 = ns 
CL2 low-level pulse width twetaL 50 ~ ns 
CL2 rise time tear = 30 ns 
CL2 fall time | | teat — 30 ns 
CL1 high-level pulse width tWCL1H 200 _ ns 
CL1 rise time tcLir ae 30 ns 
CL1 fall time teit | — . 30 ns 
CL1 setup time tscii 500 = - ons 
CL1 hold time tHe. 200 — ns 
FLM hold time the | 200 _ ns 
M output delay time tom aa 300 ns 
Data delay time | top - . —~ 20 20 ns 
LDOTCK cycle time twLDOT 41 = | ns 


Note: All the values are measured at fc.2 = 6 MHz. 
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LCD Driver Interface (TFT-Type LCD Driver) 





item Symbol Min Max Unit | Remark 
CL2 cycle time (X drivers on one side) — trci2s 160 — ns Figure 34, 35 
CL2 high-level width (X drivers trcL2Hs 30 me ns 
on one side) 
CL2 low-level width (X drivers trcLais 30 a ns 
on one side) | 
CL2 cycle time (X drivers on both side)  trci2p 320 = ns 
CL2 high-level width (X drivers tTCL2HD 80 = ns 
on both side) 
CL2 low-level width (X drivers trcL2Lp 80 ae ns 
on both side) 
CL2 rise time | tcL2r ere 30 ns 
CL2 fall time _ tctae — | 30 ns 
CL1 high-level width trcLiH | 200 == ns 
CL1 rise time teLtr a 30 ns 
CL1 fall time | tcLif = 30 ns 
Data delay time top1 —20 20 : ns 
Data set up time tios 15 = ns 
Data hold time tLDH | 15 = ns 
CL1 setup time | trscu1 500 = ns 
CL1 hold time _ | er 200 = ‘ns 
CL3 delay time tocL3 50 ns 
M delay time tom a 300 ns 
FLM hold time treH 200 = ns 
LDOTCK cycle time twipotT 40 Sa ns — 
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Figure 33 CL1, FLM and M (Reduced View of Figure 32) 
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CL2 


RO—R3 
GO-—G3 
BO—B3 


X drivers on 
both sides 


CL2 





Figure 35 apse aad CL4, FLM, M (Reduced view of figure 34 in the horizontal stripe 
mode | 
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Register Programming, MPU Write 





tem | Symbol Min Max —sUnit 
RD high-level pulse width | Gunes 190 —_ ns 
RD low-level pulse width _ tWROL 190 — ns 
WE high-level pulse width ial 7 190 a ns 
WE low-level pulse width tWWEL 190 — ns 
CS, RS setup time © tas” | ) — ns 
CS, RS hold time taH 0 .. = ns 
DO-D3 setup time tosw 100 ae ns 
DO-D3 hold time | toHw 0 i ns 
DO-D3 output delay time _ tppR = 150 ns 
DO-D3 output hold time toHR 10 ° as ns 





Figure 36 MPU Interface 
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Register Programming, ROM Write 


item Symbol Min Max Unit 
A cycle time tcyca 528 _ ns 
A rise time tar ea 100 ns 
A fall time tar = ~ 100 ns 
D ROM data setup time toswp 120 = ns 
D ROM data hold time toHwo 0 = ns 


Note: tcyca = 16 tcycp 


AO—A3 
(LVIC-~ROM) 


DO—D3 
(ROM-LVIC) 





Figure 37 ROM Interface 
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PLL Interface 


Item | Symbol Min Max Unit 
CU fall delay time tur _ | 80 ns 
CU rise delay time tur | — 80 ns 
CD fall delay time tor ~~ 80 ns 
CD rise delay time tor — ~ 80 ns 


Reset Input 


item Symbol Min Max Unit 





RES input pulse width tRES 1 = us 


DOTCLK 





Figure 38 PLL Interface 


.) 





| Figure 39 Reset Input 
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Load Circuits 


TTL Load 

Pin Ri 
MAO-MA15, MWE, MCSO,MCS1, 2.4 ko 
RDO-RD7, GDO-GD7, BDO-BD7 
AO/RD/XDOT, A1/YLO-A3/YL2 2.4 kO 


Capacitive Load 


Pin Cc 
CL1, CL2, CL3, CL4 40 pF 
RO-R3, GO-G3, BO-B3, 40 pF 


FLM CU, CD, M 


HD66840F 


R Ci _ Remarks 

11 kO 40 pF tr, tf: Not specified 

11 ko 40 pF tr, tf: Specified 
Remarks 


tr, tf: Specified 
tr, tf: Not specified 





All diodes = 1$2074 () 





Figure 40 TTL Load Circuit 





Figure 41 Capacitive Load Circuit 








Refer to application note (No. ADE-502-011) for detail of this product. 
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LCD Video Interface Controller II 


(LVIC-II) 
Description 


The HD66841F LCD video interface controller 
(LVIC-II) converts standard RGB video signals for 
CRT display into LCD data. It enables a CRT 
display system to be replaced by an LCD system 
without any changes, and it also enables software 
originally intended for CRT display to control an 
LCD. | 


Since the LVIC-II can control TFT-type LCDs in 
addition to current TN-type LCDs, it can support 
monochrome, 8-level gray-scale, and 8-color 
displays. Thanks to a gray-scale palette, any 8 
levels can be selected from 13 gray-scale levels, 
depending on the LCD panel used. 


The LVIC-II also features a programmable screen 
size and can control a large-panel LCD of up to 720 
x 512 dots. 


Features 

_* Conversion of RGB video signals used for CRT 
display into LCD data: 
— Monochrome display data 
— 8-level gray-scale data 
— 8-color display data | 

¢ Selectable LVIC-II control method: 
— Pin programming method | 


— Internal register programming method (either 
with MPU or ROM). | 


Programmable screen size: 
— 640 or 720 dots (80 or 90 characters) wide by 
200, 350, 400, 480, 512, or 540 dots (lines) 

high, using the pin programming method 

— 32 to 4048 dots (4 to 506 characters) wide by 
4 to 1024 dots (lines) high, using the internal 
register programming method 

Double-height display capability 

Generation of display timing signal (DISPTMG) 

from horizontal synchronization (HSYNC) and 

vertical synchronization (VSYNC) signals 

Internal PLL circuit capable of generating a CRT 

display dot clock (DOTCLK) (external charge 

pump, low pass filter (LPF), and voltage- 

controlled oscillator (VCO) required) 

Control of both TN-type LCDs and TFT-type 

LCDs 

Gray-scale level selection from gray-scale 

palette 

Maximum operating frequency: 30MHz 

(DOTCLK) 

LCD driver interface: 4-, 8-, or 12-bit (4 bits 

each for R, G, and B) parallel data transfer 

Recommended LCD drivers: HD61104 

(column), HD61105 (row), HD61106 and 

HD66107T (column/row) 

Direct interface with buffer memory (no external 

decoder required) | 

1.3-um CMOS processing 

Single power supply: +5V + 10% 


- Package: 100-pin plastic QFP (FP-100A) _ 
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Pin Arrangement 


DOTE 
PMOD1 
PMODO 
LDOTCK 
Veo3 
CL4 
CL3 
CL2 
CL1 
FLM 

M 
RO/LUO 
R1i/LU1 
R2/LU2 
R3/LU3 
GND6 
GO/LDO 
G1/LD1 
G2/LD2 


B1 
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Pin Description 


The LVIC-II's pins are listed in table 1 and their 
functions are described below. 


Table 1 Pin Description 





Classification Symbol Pin Number Pin Name VO Note(s) 
Power supply Voc1—Voc3 96, 30, 76 Voc! to Vec3 | _— 
| GND1—GND6 88, 9, 23, Ground 1 to Ground 6 — 
| 37, 50, 65 _ 
Video signal R, G, B 91, 92, 93 Red, green, andblue serialdata | | 1 
manece HSYNC 89 Horizontal synchronization | 
VSYNC 90 Vertical synchronization | 
DISPTMG 95. Display timing l 2 
DOTCLK 94 Dot clock I 
LOD interface RO-RS 6966 LOD reddataO-3 Oi ccs 
| LUO-LU3 69-66 LCD upper panel data 0-3 fo 4 
GO-G3__ 6461 LCD green dataO-3 Dee ee 
LDO-LD3 ~ 64-61 LCD lower panel data 0-3 O 4,5 
BO-B3 60-57 LCD blue data 0-3 . O 3,6 
CL1 72 LCD data line select clock O 
CL2 73 LCD data shift clock O 
CL 74 Y-driver shift clock 1 Oo 7 
CL4 75 Y-driver shift clock 2 O 7 
FLM 71 First line marker O 
M 70 LCD driving signal alternation O 
LDOTCK 77 LCD dot clock I 
Puller memory MCSO, MCS1 27, 28 Memory chip select 0, 1 O 8 
| MWE 29 Memory write enable O 8 
MAO-MAi5 —-: 10-22, 24-26 _— Memory address 0-15 Oo 8 
RDO-RD7 | 31-36, 38, 39 Memory red data 0—7 vO 8 
GDO-GD7 | 40-47 Memory green data 0-7 VO 89 
| BDO-BD7 48, 49,51-56 | Memory blue data 0-7 VO 8,9 
Mode setting PMODO, PMOD1 78, 79 Program mode 0, 1 l 
DOTE 80 Dot clock edge change I 
SPS 81 Synchronization polarity select l 
‘DMO-DM3 82-85 Display mode 0-3 — I 
MSO, MS1 98, 99 Memory select 0, 1 i 10, 11 
XDOT 1 X-dot l 10 
YLO—YL2 2-4 Y-line 0-2 I 10, 12 
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Table 1 Pin Description(cont) 


Classification Symbol Pin Number Pin Name VO Note(s) 
Mode setting ADJ 100 Adjust I 10 
FO-F3 5-8 Fine adjust 0-3 i 10 
MPU interface CS 98 Chip select | 10, 11 
WR 99 Write | 10, 11, 13 
RD 1 Read | 10, 13 
RS 100 Register select i 10 
DO-D3 5-8 Data 0-3 VO 10 
RES 97 Reset | 14 
ROM interface A0-A4 1-4, 100 Address 0-4 O 10 
DO-D3 | 5-8 - Data 0-3 i 10 
PLL interface CD 86 Charge down O 
CU 87 Charge up O 
Notes: 1. Fix G and B pins low if CRT display data is monochrome. 
2. Fix high or low if the display timing signal is generated meme 
3. For 8-color display modes. 
4. For monochrome or 8-level gray-scale display modes. 
5. Leave disconnected in 4-bit/single-screen data transfer modes. 
6. Leave disconnected in monochrome or 8-level gray-scale display modes. 
7. Leave disconnected in TN-type LCD modes. 
8. Leave disconnected if no buffer memory is used. 
9. Pull up with a resistor of about 20 kQ in monochrome display modes. 


The LVIC-II writes the OR of RGB signals into R-plane RAM, so no RAM is required for the G 
and B planes in these modes. (If G- or B-plane RAM is connected in monochrome display 
modes, the LVIC-II writes G or B signals into each RAM. However, this does not affect the 
display or the contents of R-plane RAM.) 

10. Multiplexed pins. 

11. Fix high or low when using the ROM programming method. 

12. Fix high or low when using the MPU programming method. 

13. Do not set pins WR and RD low simultaneously. 

14. A reset signal must be input after power-on. 
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Power Supply 


Vecl-Vecc3: Must be connected toa 45V power 
supply. 


GND1—GND6: Must be grounded. 
CRT Display Interface 


R, G, B: Input R, G, and B signals for CRT 
display. 


HSYNC: Inputs the CRT horizontal synchroni- 
zation signal. 


VSYNC: Inputs the CRT vertical synchronization 
signal. 


DISPTMG: Inputs the display timing signal which 
aCAIES the horizontal or vertical display period. 


DOTCLK: Inputs dot clock pulses used for CRT 


display. 
LCD Interface — 
RO-R3: Output LCD R data 
LU0-LU3: Output LCD upper panel data. 
"60-63: Output LCD G data. 
: LDO-LD3: Output LCD lower panel data. 
_ BO-B3: Output LCD B data. 


CL1: Outputs line select clock ee for LCD 
data. 


CL2: Outputs shift clock eiaeet for LCD data. 


CL3: Outputs line select and shift clock pulses for 
LCD data if Y-drivers are positioned on one side of 
the LCD screen. Refer to the LCD System 
Configuration section for details. 


CL4: Outputs line select and shift clock pulses for 
LCD data if Y-drivers are positioned on both sides 
of the LCD screen. Refer to the LCD System 
Configuration section for details. 


FLM: Outputs a first line marker for Y-drivers. 


M: Outputs an alternation signal for converting 
LCD driving signals to AC. 


LDOTCK: Inputs LCD dot clock pulses. 
Buffer Memory Interface 


MCSO0, MCS1: Output buffer memory chip select 
signals. 


MWE: Outputs the buffer memory write enable 
signal. 


MAO0-MA15; Output buffer memory addresses. 


RDO-RD7: Transfer data between R-data buffer 
memory and the LVIC-II. 


GD0-GD7: Transfer data between G-data buffer 
memory.and the LVIC-II. 


BDO0-—BD7: Transfer data between B-data buffer 
memory and the LVIC-II. 


Mode Setting 


PMOD0O, PMODI: Select the programming 
method for the LVIC-II (table 2). 


DOTE: Switches data latch timing. The LVIC-II 
latches RGB signals at the falling edge of 
DOTCLK pulses if the DOTE pin is set high, or at 


the rising edge if it is set low. 


SPS: Selects the polarity of the VSYNC signal. 
(The HSYNC signal's polarity is fixed.) The 
VSYNC signal is active-high if SPS is set high, or 


~. active-low if it is set low. 


DM0-DM3: Select the display mode (table 8). 


MS0-MS1: Select the buffer memory type (table 
3). | 


-XDOT: Specifies the number of characters 


displayed on the LCD screen in the horizontal 
direction (called the horizontal displayed 
characters). The number is 90 (720 dots) if XDOT 
is set high, or 80 (640 dots) if it is set low. 
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YLO-YL2: Specify the number of lines displayed 
on the LCD screen in the vertical direction (called 
the vertical displayed lines) (table 4). 


ADJ: Determines whether the FO-F3 pins adjust 
the display timing signal or the number of vertical 
displayed lines. They pins adjust the display 


timing signal if ADJ is set high, or the number of | 


vertical displayed lines if it is set low. 


FO-—F3: Adjust the number of vertical displayed 
lines (table 5) or the display timing signal. Refer to 
the Display Timing Signal Fine Adjustment section 
for details. 


MPU Interface 


CS: An MPU inputs the CS signal through this pin 
to select the LVIC. An MPU can access the LVIC- 
II while this signal is low. 


WR: An MPU inputs the WR signal through this 
pin to write data into the LVIC-II's internal 
registers. An MPU can write data while this signal 
is low. 
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RS: An MPU inputs the RS signal through this pin 
to select the LVIC's internal registers. An MPU 
can access data registers (RO-R15) while this 
signal is high and the CS signal is low, and can 


select the address register (AR) while both this 


signal and the CS signal are low. 


DO0-—D3: Transfer LVIC-II internal register data 
between an MPU and the LVIC-II. 


RES: Externally resets the LVIC-II. 
ROM Interface 
A0-—A4: Output external ROM addresses. 


D0—D3: Input external ROM data to the LVIC-II's 
internal registers. 


PLL Circuit Interface 


CD: Outputs charge-down signals to an external 
charge pump. 


CU: Outputs charge-up signals to an external 


_—— | + charge pump. 
RD: An MPU inputs the RD signal through this pin | 
to read data from the LVIC-II's internal registers. 
An MPU can read data while this signal is low. 
HITACHI 











HD66841 





Table 2 Programming Method Selection Table 4 Number of Vertical Displayed Lines 
PMOD1 PMODO Programming Method Number of Vertical 
0 0 Din programming OO YL2 YL1 YLO Displayed Lines 
0 1 Internal register MPU 2 0 0 200 
4 0 programming ROM 2 0 1 350 
1 1 Inhibited (Note) 0 u 0 nals 
Note: Thi bination is for t de: it disabl ° msc 
ote: This combination is for test mode: it disables 
display. 1 0 0 512 
1 0 4 540 

Table 3 Memory Type Selection 4 1 0 Inhibited (Note) 
MS1 | MSO Memory Type ee ee eee sae eee 
0 0 _No memory Note: 480 lines are displayed, but they are practi- 
- 4 8-kbytes memory a cally indistinguishable. | 
1 0 32-kbytes memory Table 5 Fine Adjustment of Vertical Displayed 
1 1 64-kbytes memory Lines 


F3 F2 F1 FO Number of Adjusted Lines 
0 0 0 0 +0 

0 0 oO 1 +1 

0 600 1 0 +2. 


1 1 1 O +14 
1 1 1 1 +15 
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Cu SD AO-A4 DO-D3  RS,CS, WR 
(hs 484 LL 
Write counter Read counter MPU/ROM 9 






(horizontal, 
vertical counter 


horizontal, 
if Nel counter i Ea 


interface 













an 7 | _ DMO0-DM3 
tes Ee - 
DISPTMG —}-}-—>|_ generator counter | counter 
@, 3. LDOTCK 
Address multiplexer CL1-CL4 
MCS, MWE 
ee iat < generator Be 
a —> "TT > Ro-R3/LU0-LU3 
: 4 
[—TT > G0-G3/LD0-LD3 
Voc 3 
GND Sa . T_| J]. >B0-B3 





GDO-GD7 _MCSi 
BDO-BD7 = MA13—MA15 
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HD66841F 
Registers 
The LVIC-II's registers are listed in table 6 and the 
bit assignments within the registers are shown in 
figurel. . | | 
Table 6 Register List 


Reg. Address’ Reg. Program Specified Read/ 


CS RS PS'3 2 1 O No. Register Name — Unit Value Symbol Write2 Note(s) 
oe Se — ea — : 
0 0 — -— — — AR _ Address register | —_— — W 3 
Oo. (1 0 0 RO Control register 1 — — R/W 
Oo 1 0 1. R1 Control register 2 —_ — | R/W 
0. 1 0 1 0 R2_ Vertical displayed lines Lines Nvd RWW 4 
register (middle-order) 
0 1 0 0 0 1.14 R3_ Vertical displayed lines Lines Nvd_ RWW 4 
| - register (low-order) 
0 1 0 0 1 #0 .0 R4_ Vertical displayed lines  Lines/ Nvd/ RW 4,5,6 
| register (high-order)/ Chars. § Npe 
CL3 period register 
| (high-order) 
0 1 0 0 4 0 1 RS  CL3 period register Chars. Npc RW 4,5,6 
| (low-order) | 
0 1 0 0 414 1. 0 R6_ Horizontal displayed Chars. Nhd RAW 6 
| | - Characters register 
(high-order) 
0 1 0 0 +41 +4 += 1 + =R7 ~ Horizontal displayed Chars. Nhd RAW 6 
| characters register 
(low-order) 
1 0 1 0 0 O R8_ CL3pulse width register Chars. | Now RW 
0 1 0 1 0 0 1 RY _ Fine adjust register Dots Nda R/W 
0 1 0 141 0 1 +O R10 PLL frequency-division — Neu R/W 
ratio register (high-order) 
0 1 0 1 +O 1 14 R11 PLL frequency-division — Neu RW 8 
ratio register (low-order) 
0 1 0-1 #4 0 O R12 Vertical backporch Lines Nevbp RWW 4,9 
- register (high-order) . | 
0 1 0 1 #4 +O 414 + R13 Vertical backporch Lines Nevbp RW 4,9 
| register (low-order) 
0 1 0 4 +14 #4 =O R14 Horizontal backporch Dots Nchbp RWW 4,9 
| register (high-order) 
0 141 #0 41 +4 = 14 += +1 + =RI1S Horizontal backporch Dots Nchbp RW 4,9 


register (low-order) 
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Table 6 Register List (cont) 


Reg. Address Reg. Program Specified Read/ 


“ O/OlGl[O[OIOlO[OIOI|O 


CS RS PS'3 2 1 0 No. Register Name Unit Value Symbol Write? Note(s) 
1 1 00 0 1 P1_ Black palette register — — R/W 
1 1 0 0 1 0 P2_ Blue palette register — — R/W 
1 1 0 0 141 +1 + =P3_ Red palette register — — R/W 
1 1 01 0 0 P4 Magenta palette register — _ R/W 
1 1 0 1 0 1 PS _ Green palette register — — R/W 
1 1 0 1 1-0 P6 = Cyan palette register — — R/W 
1 1 0 1 #1 +1 + 4P7_ Yellow palette register — _ R/W 
1 1 10 0 0 P8 White palette register — — R/W 
1 1 100 1 Reserved 
OO 1 14 14 14 «4~°41 Reserved 
Notes: 1. Corresponds to bit 2 of control register 1 (RO) | 
2. W indicates that the register can only be written to; R/W indicates that the register can both be 
read from and written to. 
3. Attempting to read data from this register when RS = 0 drives the bus to Genetnear state; 
_ output data becomes undefined. 
4. Write (the specified value — 1) into this register. 
_5. Valid only in 8-color display modes with horizontal stripes. 
6. One character consists of eight horizontal dots. 
7. Valid only if the display timing signal is supplied externally. 
8. Valid only if the dot clock signal is generated internally. 
9 


. Valid only if the display timing signal is generated internally. 
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Reg. Address 


aU 
® 
© 
















No. | 
re 
FAR | | < Address register 
0 0 O FRO | DIZ | <— Control register 1 
< Control register 2 _ 
lo o 1 0 f[R2{] | | <— Vertical displayed lines register 
jo o 1 a [ro | | 
jo 1 0 Oo [Ra | 





© 
—_ 
oO 
ear 


« CL3 period register 

«- Horizontal displayed characters 
register 

< CL3 pulse width register 

«~ Fine adjust register | 

« PLL frequency-division ratio 
register 

< Vertical backporch register 


oO 

(omn’ 
o;oO;— 
—1O /}] —- 

we) J 
—_ N 
10 : 


“8 


— ae | 
iD 
eo fom 
NO } —~ 


«- Horizontal backporch register 


= 
uo 


«- Black palette register 

<— Blue palette register 

<— Red palette register 

« Magenta palette register 
< Green palette register 
< Cyan palette register 

< Yellow palette register 


Bes 
ND | = 
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= | ost | OO (-) 
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«< White palette register 
< Reserved registers 
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Notes: 1. Corresponds to bit 2 of control register 1 (RO). | 

2. Invalid bits. Attempting to read data from these bits returns undefined data. 

3. The most significant bit is invalid in dual-screen configuration modes. 

4. Bit values shown are default values at reset. 

5. Reserved bits. Any attempt to write data into the register is invalid, although it has no affect 
on LSI operations. Any attempt to read data from the register returns undefined data. 


Figure 1 Register Bit Assignment 
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System Description 


Figure 2 is a block diagram of a system in which 
the LVIC-II is used outside a personal computer. 


The LVIC-II converts the RGB serial data sent 
from the personal computer into parallel data and 
temporarily writes it to the buffer memory. It then 
reads out the data in order and outputs it to LCD 
drivers to drive the LCD. In this case, the CRT 
display dot clock (DOTCLK), which is a latch 
clock for serial data, is generated by the PLL 


HD66841F 


cricuit from the horizontal synchronization signal 
(HSYNC). The DOTCLK signal frequency is 
specified by the PLL frequency- division ratio 
register (R10, R11). 


The system can be configured without a VCO and 
LPF if the DOTCLK signal is supplied externally, 
and it can be configured without an MPU if the 
LVIC-II is controlled by the pin programming 
method. 


Dot clock vcO. | 6) 
LPF 


RGB serial data 


| | HSYNC _ 
| | |. vsyne_| 


Personal 
~ computer 


VCO: Voltage-controlled oscillator 
LPF: Low-pass filter 


LCD 


Simultaneous display 
possible 





Figure 2 System Block Diagram (with MPU programming method 
and DOTCLK generated internally) 
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Functional Description 
Programming Method 


One of two methods of controlling LVIC-II 
functions can be selected by setting pins PMODO 
and PMOD1. Control by pins is called the pin 
programming method and control by internal 
registers is called the internal register programming 
method. The internal register programming 
method can be further divided into the MPU 
programming method and the ROM programming 
method; an MPU is used to write data into internal 
registers in the MPU programming method and 
ROM is used to write data into internal registers in 
the ROM programming method, 


4-bit MPU 
B3 A0-A3 


CS RS WR RD DO-D3 — 


LVIC-Il 


(1) Connection of MPU to LVIC-II 


Pin Programming Method: The LVIC-I's mode- 
setting pins control functions. 


Internal Register Programming Method: An 
MPU or ROM is used to write data into the LVIC- 
II's internal registers to control functions. Figure 3 
shows the connection of either an MPU or ROM to 
the LVIC-II. Although figure 3 (1) shows an 
example of the use of a 4-bit microprocessor, the 
LVIC-II can also be connected directly to the host 
MPU bus since the LVIC-II MPU bus is compatible 
with the 4-MHz bus of 80-series microcomputers. 


LVIC-I 


(2) Connection of ROM to LVIC-II 





Figure 3 Connection of MPU or ROM to LVIC-II 
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Screen Size 


Screen size can be programmed either by pins or 
internal registers. 


In the pin programming method, either 640 dots or 
720 dots (80 characters or 90 characters) can be 
selected with the XDOT pin as the number of 
horizontal displayed characters, and either 200, 
350, 400, 480, 512, or 540 lines can be selected 
with the YL2-YLO pins as the number of vertical 
displayed lines. The number of vertical displayed 
lines can be adjusted by from +0 to +15 lines with 
the ADJ and F3-F0 pins. 


HD66841F 


In the internal register programming method, any 
even number of characters from 4 to 506 (from 32 
to 4048 dots) can be selected with the horizontal 
displayed characters register (R6, R7), and any 
even number of lines from 4 to 1028 can be 
selected with the vertical displayed lines register 
(R2, R3, and the high-order two bits of R4). 
However, note that an odd number of lines can also 
be selected if the screen configuration is single- 
screen and Y-drivers (scan drivers) are positioned 
on one side of the LCD screen. 


The relationship between the LCD screen and the 
pins and internal registers controlling screen size is 
shown in figure 4. 


Number of horizontal displayed characters 


Pin: XDOT 


Register: Horizontal displayed characters 


register (R6, R7) 


LCD screen 








x 


Number of vertical displayed 

lines 

Pins: YL2-YLO, ADJ, F3-F0. 

Register: Vertical displayed 
lines register 

| (R2, R3, high-order 2 
bits of R4) 





Figure 4 Relationship between LCD Screen and Pins ‘and Internal Registers | 


HITACHI a ? 
Hitachi America, Ltd. * Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 665 








HD66841F © 
Memory Selection 


8-, 32-, or 64-kbytes SRAMs can be selected as 
buffer memory for the LVIC-II. Since the LVIC-II 
has a chip select circuit for memory, no external 
decoder is required. The memory type can be 
selected with the MS1 and MSO pins or the MS1 
and MSO bits of control register 2 (R1). Memory 
types and corresponding pin address assignments 
are listed in table 7. 


The memory capacity required depends on screen 


size and can be obtained from the following 
equation: | 7 


-Memory capacity (bytes) = Nhd x Nvd 
Nhd: Number of horizontal displayed characters 
(where one character consists of 8 horizontal 
dots): 
Nvd: Number of vertical displayed lines 


Table 7 Memories and Pin Address Assignments 


For example, a screen of 640 x 200 dots requires a 
16-kbytes memory capacity since 80 characters x 
200 lines is 16 kbytes. Consequently, each plane 
requires two HM6264s (8-kbytes memories) in 8- 
level gray-scale display modes. The MCSO pin 
must be connected to the CS pin of one of the 
memory chips in each plane, and the MCS1 pin 
must be connected to the CS pin of the remaining 
memory chip in each plane (figure 5 (a)). 


_A screen of 640 x 400 dots requires a 32-kbytes 


(256-kbit) memory capacity, so each plane requires 
an HM62256, which is a 32-kbytes memory. In 
this case, the MCSO pin must be connected to the 
CS pin of each memory chip. (figure 5 (b)). 


Pins or Bits Address 

MS1 MSO Memory Address Pins Chip Select Pins Assignment 

0 0 No memory (Note) — | eal ae 

0 : 4 8-kbyte MAO-MA12 MCSO $0000-$1FFF 

| MCSi1 $2000-$3FFF 

MA13 $4000—$5FFF 
MA14 $6000—$7F FF 
MA15 $8000-$9FFF 

1 0 32-kbyte MAO-MA14 MCSO $00000-$07FFF 
MCSi1 $08000-$0FFFF 
MA15 $10000-—$1 7FFF 

1 1 64-kbyte MAO-MA15 MCSO $00000-$0FFFF 
MCS1 $10000-$1FFFF 


Note: There are some limitations if no memory is used. Refer to the User Notes section for details. 
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640 x 200 dots 






R MCSO 





cs 
HM6264 


(a) 16-kbytes Memory Configuration (b) 32-kbytes Memory Configuration 





Figure 5 Screen Size and Memory Configuration 
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Display Modes | Output, positions of LCD drivers for the LCD 
| . 7 _ screen, arrangement of color data (type of stripes), 
The LVIC-II supports 16 display modes, depending and method of M signal output (type of alternation 
on the states of the DM3-DMO pins. The display _ signal). Display modes are listed in table 8. 

mode controls display color, type of LCD data 


Table 8 Display Mode List _ 





Mode Pins | Display | Data Transfer Screen LCD Driver Positions 
No. DM3 DM2 DM1 DMO Color Type Config. X-driver? Y-Driver? Stripe* Alternation 
1 0 0 860 0 Mono- | 4-bit | . Dual Oneside Oneside — Every frame 
chrome 
2 0 0 0 1 Single 
31 0 0 1 0 Both sides 
4 0.860 1 1 8-bit , One side 
5' 320 1 0 0 Both sides 
6 Oo 1 0 1 8-level 4-bit Dual One side 
gray scale oo 
0 1 1 0 Single 
8 0 1 1 1 8-bit 
9! 4 0 0 0 8-color 12-bit Single Oneside Onse side Vertical Every line 
(4 bits each ae 
101 1 0 0 1 for R, G, and B) Both sides 
111 1 0 1 0 | Both sides One side 
121 1 0 1 1 Both sides 
131 1 1 0 0 One side Oneside Horizontal 
141 1 1 Oo 1 Both sides. 
151} 1 #+14 #+1-~ «0 Both sides One side 
16 4 14 14 1 Dual One side Vertical Every frame 





Notes: 1. For TFT-type LCDs. 
2. Data output driver. 
3. Scan driver. 
4. Refer to the 8-color Display section. 
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Display Color 


The LVIC-II converts the RGB color data normally 
used for CRT display into monochrome, 8-level 
gray-scale, or 8-color display data. 


Monochrome Display (Modes 1 to 5): The LVIC- 
II displays two colors: black (display on) and white 
(display off). As shown in table 9, the CRT display 
RGB data is ORed to determine display on/off. 


8-Level Gray Scale Display (Modes 6 to 8): The 
LVIC-II thins out data on certain lines or dots to 
provide an 8-level gray-scale display based on CRT 
display color (luminosity). The relationship 
between CRT display color (luminosity) and LCD 
gray scale (contrast) is shown in table 10. 


Table 9 Monochrome Display 


_CRT Display Data 
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This relationship corresponds to the default values 
in palette registers; the correspondence between 
color and gray scale can be changed by writing 
data into palette registers. 


8-Color Display (Modes 9 to 16): The LVIC-II 
displays 8 colors through red (R), green (G), and 
blue (B) filters placed on liquid-crystal cells. The 
eight colors are the same as those provided by a 
CRT display. As shown in figure 6, 8-color display 
has two stripe modes: horizontal stripe mode in 
which the LVIC-II arranges RGB data horizontally 
for horizontal filters and vertical stripe mode in 
which it arranges RGB data vertically for vertical 
filters. Three cells express one dot in both modes. 





LCD 
R G B CRT Display Color On/Off Color 
1 1 1 White On Black 
1 1 0 Yellow On Black 
0 1 1 Cyan On Black 
0 1 0 Green On Black 
1 0 1 Magenta On Black 
1 0 0 ‘Red On Black 
0 0 1 Blue On Black 
0 0 0 Black Off White 
Table 10 8-Level Gray-Scale Display 
CRT Display Data CRT LCD 
R G B Color Luminosity Gray Scale Contrast 
1 1 1 White Black Strong 
1 1 0 Yellow 
0 1 1 Cyan 
oO 61 0 Green 
1 0 1 Magenta 
1 0 0 Red 
0 0 1 Blue 
0 0 0 Black White 
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R filter 
G filter 
B filter 
R 
G 
B 


R filter 


Horizontal Stripes | Vertical Stripes 





Figure 6 Stripe Modes in 8-Color Display 
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LCD System Configuration e LCD driver positions around LCD screen: 

— X-drivers: On one side or on both sides 

The LVIC-II supports the following LCD system — Y-drivers: On one side or on both sides 

configurations: . 
System configurations for different modes are 
e Types of LCD data output: shown in figure 7, and configurations of X- and Y- 
— Data transfer: 4-bit, 8-bit, or 12-bit (4 bits drivers positioned on both sides of an LCD screen 
each for R, G, and B) are shown in figure 8. 


— Screen configuration: Single or dual 


| 4-, 8-, 12-bits 
e227 ee 


LCD upper panel 


LCD lower panel 





BEER 
4-bits 


System configuretion for mode 1 and mode6 System configureation for modes, 2, 4, 7, 8, 9, 
(4-bit data transfer, dual screen, X-driver and and 13 (4-, 8-, or 12-bit data transfer, single 
Y-driver each on one side) Note — screen, X-driver and Y-driver each on one side) - 


4-, 8-, 12-bits | : 
Upper X-driver 


© 
> 
‘cc 
9 
> 
S 
pam | 


Right Y-driver 
Y-driver 


System configureaton fo rmodes 3, 5, 10, System configureation for mode 11 and mode 
and 14 (4-, 8-, or 12-bit data transfer, single 15 (12-bit data transfer, single screen, X-edriver 
screen, X-driver on one side and Y-driveron = on both sides and Y-driver on one side) 
both sides) 
Note: Since the LCD upper panel and lower panel are each regarded as 
one screen, the X-drivers are considered to be positioned on one 
side, not on both sides. 





Figure 7 System Configurations by Mode _ 
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i ae ee 22239 
2 RR 

HEE | —~ 
Tho0 pare | 1 BL cack $$ 4 FS 

| Re 

a 


LCD upper panel i 


Lower X-driver Lower panel X-driver 
12-bit 12-bit 
System configuration for mode 12 (12-bit System configuration for mode 16 (12-bit 
data transfer, single screen, X-driver — - data transfer, dual screen, X-driver and 
_and Y-driver each on both sides) Y-driver each on one side)Note 


LCD lower panel 


Note: Since the LCD upper panel and lower panel are each regarded as 
one screen, the X-drivers are considered to be positioned on one 
side, not on both sides. 





Figure 7 System Configurations by Mode (cont) 


Upper X-driver 


——— Data output 
, lines 






¥ 2nd line 


3rd line 


Data 





Signal output lines 


Lower X-driver : 


(1) X-drivers set on both sides (2) Y-drivers set on both sides 

Data output lines run alternately | Line select signal output lines run 

from upper and lower X-drivers, alternately from right and left Y-drivers, 
increasing the pitch of the lines to twice increasing the pitch of the lines to twice 
that for X-drivers positioned on one side. that for Y-drivers positioned on one side. 


Figure 8 X- and Y-Drivers Set on Both Sides 
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LDOTCK Frequency Calculation 


The frequency f,, of the LCD dot clock (LDOTCK) 
can be obtained from the following equation: 


f,, = (Nhd + 6) x 8 x Nvd x fp 


Nhd: Number of horizontal displayed characters 
on LCD = (number of horizontal displayed 
dots on LCD) x 1/8 

Nvd: Number of vertical displayed lines on LCD 

fp: | Frame frequency (FLM frequency) 


In this case, fy must satisfy the following 


relationships, where fp is the frequency of the dot 
clock for CRT display (DOTCLK): 


fl < fp x 15/16 or 


f,, =fp (the phase of LDOTCK must be opposite to 
that of DOTCLK in this case) 
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Display Timing Signal Generation 


CRT display data is divided into display period 


_ data and retrace period data, so the LVIC-II needs a 


signal indicating whether the CRT display data 
that has just been transferred is display period data 
or not. This signal is called the display timing 


signal. 


The LVIC-II can generate the display timing signal 
from the HSYNC and VSYNC signals. The 
relationships between HSYNC, VSYNC, the 
display timing signal (DISPTMG), and display data 
are shown in figure 9. Y lines and X dots in the 
figure are specified by the vertical backporch 
register (R12, R13) and the horizontal backporch 
register (R14, R15), respectively. 


VSYNC al | ee ee | 


Y lines (= Vertical backporch) 


HSYNC | | | | L 


X dots (= Horizontal backporch) 


DISPTMG 


Display period 
(= No. of horizontal 


displayed characters) 


Invalid 


Display 
data 


Retrace period 


Valid invalid Valid 





Figure 9 Relationships between HSYNC, VSYNC, DISPTMG, and Display Data 
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Dot Clock Generation 


The dot clock, which is a data latch clock, is not a 
standard video signal, so it is not usually output 
from the CRT display plug. Therefore, the LVIC- 
II must generate it. 
programmable counter and a phase comparator 
which are parts of a phase-locked loop (PLL) 
circuit, and it can generate the dot clock from the 
HSYNC signal if a charge pump, a low-pass filter 
(LPF), and a voltage-controlled oscillator (VCO) 
are externally attached. 


A block diagram of the PLL circuit is shown in 


figure 10. A PLL circuit is a feedback controller 
that generates a clock whose frequency and phase 
are the same as those of a basic clock. The basic 
clock is the HSYNC signal in this case. 


At power-on, the VCO outputs to the program- 
mable counter a signal whose frequency is 
determined by the voltage at that time. The counter 


Inside LVIC 


Value written in 


The LVIC-II has a 


Phase 
| comparator 


divides the frequency of the signal according to the 
value in the PLL frequency-division ratio register 
(R10, R11), and outputs it to the phase comparator. 
This is the frequency-divided clock. 


The comparator compares the edges of the clock 
pulses and the HSYNC signal pulses and outputs 
the CU or CD signal to the charge pump and LPF 
according to the result. The comparator outputs the 
CU signal if the frequency of the clock is lower 
than that of the HSYNC signal or if the phase of 
the clock is behind that of the HSYNC signal; 
otherwise it outputs the CD signal. The charge 
pump and LPF apply a voltage to the VCO 


according to the CU or CD signal. 


This operation is repeated until the phase and 
frequency of the frequency-divided clock match 
those of the HSYNC signal, making it a stable dot 
clock. 


Charge pump 
LPF 


Frequency- 
divided clock 


Programmable 


PLL frequency-division ratio = counter 


register (R10, R11) 


Timing clock generator 





Figure 10 PLL Circuit Block Diagram. 
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Gray-Scale Palette 


The HD66841F thins out LCD data on certain dots 
or lines of an LCD panel every frame, changing 
integral voltages applied to liquid-crystal cells, to 
generate intermediate levels of luminosities. 
Consequently, the difference in depth between 
adjacent gray-scale shades may not be uniform in 
some cases 
characteristics vary with different panels. To allow 
for this, the HD66841F is designed to generate 13. 
gray-scale levels and provide palette registers that 
assign desired levels to certain of the eight CRT 
display colors. 


Table 11 Default Values of Palette Registers 


since voltage-transmittance | 


HD66841F 


The relationships between gray scales and 


corresponding effective applied voltages are shown 
in figure 11 (a). Each gray scale is displayed | 
according to the characteristics of its effective 
applied voltage and the optical transmittance of the 
panel (figure 11 (b)). Using the palette registers to 
select any 8 out of 13 levels of applied voltages 
enables an optimal gray-scale display conforming 
to the characteristics of the LCD panel. The palette 
registers can also be used to provide 4-level gray- 
scale display and reverse display. 


Register CRT Display Data 

No. R G B Register Name Default Value 

P1 0 0 0 Black palette 0 0 0 0 

P2 0 0 1 Blue palette 0 0 1 0 
P3 1 0 0 Red palette 0 1 0 1 

P4 1 0 1 Magenta palette 0 1 1 0 

P5 0 1 0 Green palette 0 1 ; a: Oe 

P6 0 1 1 Cyan palette 1 0 oO 0 

P7 1 1 0 Yellow palette 1 0 1 0 

P8 1 1 1 White palette 1 1 0 0 









Effective applied voltage 





Gray-scale number 


(a) 





Effective applied voltage 


Transmittance 


(b) 





Figure 11 Relationships between Gray Scale, Transmittance, and Effective Applied Voltage 
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Pin Programming Method 


The palette registers cannot be used in the pin 


programming method. 
MPU Programming Method 


To change the contents of palette registers in the 
MPU programming method, set bit 2 (the PS bit) of 
control register 1 (RO), to 1. Since data registers 
(R1-R15) cannot be accessed while this bit is 1, set 
in to 0 before accessing the data registers again. 


However, note that control register 1 (RO) can be | 


accessed regardless of the setting of the PS bit if $0 
is set in the address register (AR). 


ROM Programming Method 


In the ROM programming method, the HD66841F 
accesses ROM sequentially from address $0000 to 
$O01F. In this case, write 0 to bit 2 of address 
$0000 (PS bit) before writing data register values 
to addresses $0001-$000F, and write 1 to bit 2 of 


Gray scale 1 (1 dot) 


address $0010 (PS bit) before writing palette 
register values to addresses $0011-$0018. 


DIZ Function 


The HD66841F thins out data on certain lines or 
dots every frame to enable gray-scale display. Ifa 
checker-board pattern consisting of alternately 
arranged gray scales of different levels (figure 12) 
is displayed by a simple dot-basis gray-scale 


display control method, the display might 


sometimes seem to "flow" horizontally, depending 
on the gray-scale and LCD panel characteristics. 


The HD66841F automatically checks for such a 
checker-board section and changes the gray-scale 
display control method of dot-based data thinning 
to that of frame-based data thinning, to reduce 
display flow. Setting bit 3 (DIZ) of control register 
1 (RO) to 1 enables this function. In frame-based 
data thinning, however, flickering might appear 
with some LCD panels; in that case, select the 
control method that generates the better display. 


Gray scale 2 (1 dot) 





Figure 12 Checker-Board Display. 
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Double-Height Display 


The LVIC-II provides double-height display which 
doubles the vertical size of characters and pictures 
(figure 13). 


In the TN-type LCD modes (display modes 1, 2, 4, 
and 6-8), the CL3 signal period is half as long as 
the CL1 signal period, as shown in figure 14. 
Consequently, using the CL3 signal instead of the 
CL1 signal (figure 15) as a line shift clock enables 
two lines to be selected while X-drivers (data 
output drivers) are outputting identical data, thus 
realizing double-height display. However, it should 
be noted that this display requires the following 
procedure since the LVIC-II displays twice as 
many lines as specified by pins or internal 
registers: / 


Normal display 


HD66841F 


1. Halve the LCD dot clock (LDOTCK) frequency 
calculated from the number of vertical displayed 
lines of the LCD panel. 


2. Specify half the number of vertical displayed 
lines of the LCD panel as the number of vertical 
displayed lines. (For instance, if the number of 
vertical displayed lines of the LCD panel is 400, 
specify 200 with the YL2—YLO pins or the 
vertical displayed lines register.) 


This function is available only in the TN-type LCD 
modes; it is disabled in the TFT-type LCD modes. 


Double-height display 





Figure 13 Double-Height Display Example 
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X-driver 
output 


Y-driver 


(If connected as 
shown in figure 15) 





Figure 14 Relationship between CL1 and CL3 in Modes 1, 2, 4, 6, 7, and 8 


4 (or 8) bits - 


LDO—LD3, LUO—LU3 , 
X-drivers 


CL1 
CL2 (Data output drivers) 


M 


LCD panel 


e 
gg 
ss 
Oc 
~ 8 





Figure 15 Connection for Double-Height Display 
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Display Timing Signal Fine Adjustment 


If the display timing signal is supplied externally, a 
phase shift between CRT data and the display 
timing signal may appear. This is because each 
signal has its own specific lag. The LVIC-II can 


adjust the display timing signal according to pins | 


FQ-F3 or the fine adjust register (R9) to correct the 
phase shift. 


The relationships between pins F3-FO, data bits 3 
to 0 of the fine adjust register, and the resultant fine 
adjustments are shown in table 12. The polarity of 
the number of dots adjusted is given by — (minus) 
indicating advancing the phase of the display 
timing signal or + (plus) indicating delaying it. Pin 


HD66841F 


F3 or data bit 3 of R9 selects the polarity. The 
adjustment reference point is the display start 
position. 


Examples of adjusting the display timing signal are 


‘shown in figure 16. Since the signal is two dots 


ahead of the display start position in case (1), F3, 
F2, Fl, and FO or data bits 3, 2, 1, and 0 of R9 
should be set to (1, 0, 1, 0) to delay the signal by 
two dots. Conversely, since the signal is two dots 
behind the display start position in case (2), they 
should be set to (0, 0, 1, 0) to advance the signal by 
two dots. If there is no need to adjust the signal, a 
setting of either (0, 0, 0, 0) or (1, 0, 0, 0) will do. 


Table 12 Pins, Data Bits of R9, and Fine Adjustment 


Pin FS F2_ Fi FO Number of Dots 
ROBit 3 2 1 0 Adjusted 


o oOo oO 0 0 


0 0 | —1 
1 1 0 —6§ 
1 1 1 —7 
1 0 0 0 0 
0 0 1 +1 
1 1 +6 


1 1 1 +7 


Note: To use pins to adjust the display timing signal, 


set the ADJ pin to 1. 
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t 
— Display start position 
| ; 





CRT data . XM KR KR  K KR KK K_ 
| an | ———— = 

| : Two dots advanced | 

DISPTMG 


before adjustment | 
Display timing adjustment 
(F3, F2, F1, FO) or 

(Data bits 3, 2, 1, 0 of R9) 
= (1, 0, 1, 0) 





DISPTMG 
after adjustment 


(1) Delaying DISPTMG 


i A 
— Display start position 
’ . i 


CRIT data 





Two dots delayed 
i 


DISPTMG _ : 
before adjustment 





Display timing adjustment 
(F3, F2, F1, FO) or 

_ (Data bits 3, 2, 1, 0 of R9) 
= (0, 0, 1, 0) 





DISPTMG 
after adjustment 


(2) Advancing DISPTMG 


Figure 16 Adjustment of Display Timing Signal 
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Internal Registers 


The HD66841F has an address register (AR), 16 
data registers (RO-R15), and 8 palette registers 
(P1—P8). Write the address of a register to be used 
into the address register (AR), but only after setting 
the PS bit of control register 1 (RO) to 0 for a data 
register or 1 for a palette register. The MPU 
transfers data to the register corresponding to the 
written address. | 


Registers are valid only in the internal register 
programming method, they are invalid (don't care) 
in the pin programming method. 


The 4-bit address register (figure 17) is used to 
select one of the 16 data registers or 8 palette 
registers. It can select any data register or palette 
register according to the register address written to 
it by the MPU. The addres register itself is 
selected if the RS signal is set low. 


Address Register (AR) 





Value 


SS: 
| Databt | 3 [2 tt jo | 
Ub wisiasdilstemeiiiinnadl 
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Control register 1 (figure 18) is composed of four 
bits whose functions are described below. 


e DIZ bit: Changes the method used to control the 
gray-scale display of a checker-board pattern. 
— DIZ = 0: Data thinned out on a dot basis every 
frame 
— DIZ = 1: Data thinned out on a frame basis 
every frame 


¢ PS bit: Specifies access to data registers 
(RO-R15) or palette registers (P1-P8). 


In MPU programming mode: 

— PS = 0: Specifies access to data registers 
(RO-R15) only. | 

— PS = 1: Specifies access to palette registers 
(P1-P8) only. | 


AR 





Register address 


Figure 17 Address Register 


Control Register 1 (RO) 


a: 
Toast | ste] ]o 








Figure 18 Control Register 1 
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This register can be always accessed regardless of 
the PS bit setting, but it cannot be read after the PS 
bit is set to 1. Read it when PS is 0. 


In ROM programming mode: Data for LVIC-II 
internal data registers can be written into $0001 to 
$O00F when bit 2 (the PS bit) of $0000 is set to 0. 


Data to be set into palette registers can be written | 


into $0011 to $0018 when the PS bit of $0010 is set 
to 1 (figure 19 (a)). 


DSP bit 

— DSP = 1: The DISPTMG signal is generated 
internally. 

— DSP = 0: The DISPTMG signal is supplied 
externally. (However, note that if DCK is 1, 
the DISPTMG signal is generated internally 
even if DSP is 0.) 


DCK bit 

~— DCK = 1: The DOTCLK signal is generated 
internally. | 

— DCK = 0: The DOTCLK signal is supplied 
externally. 


Data bit No. 


(ROM 
addresses 
A0Q-A4) 





=] Ps bit 
r ot 
Zi 


used 





Internal 
data 
registers 


Palette 
registers 


Figure 19 PS Bit Functions in ROM Programming Method 
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Control Register 2 (R1) 


Control register 2 (figure 20) is composed of four 
bits whose functions are described below. 


¢ MC bit: Specifies M signal alternation. 
— MC = 1: The M signal alternates every line. 
~ MC = 0: The M signal alternates every frame. 


¢ DON bit: Specifies whether the LCD is on or 
off. 
~- DON = 1: LCD on 
— DON = 0: LCD off 


¢ MS1, MSO bits: Specify buffer memory type. 
— (MS1, MSO) = (0, 0): No memory 
— (MS1, MSO) = (0, 1): 8-kbytes memory 
— (MS1, MSO) = (1, 0): 32-kbytes memory 
— (MS1, MSO) = (1, 1): 64-kbytes memory 


Vertical Displayed Lines Register (R2, R3, High- 
Order 2 Bits of R4) | 


The vertical displayed lines register (figure 21) is 
composed of ten bits (R2, R3, and the high-order 


HD66841F 


two bits of R4). It specifies the number of lines 
displayed from top to bottom of the screen, called 
the number of vertical displayed lines. This 
register can specify both even and odd numbers in 
single screen modes with Y-drivers positioned on 
one side, i.e., in display modes 2, 4, and 7-9, but 
can specify only even numbers in other modes. 
The value to be written into this register is Nvd — 1, 
where Nvd is the number of vertical displayed 
lines. 


CL3 Period Register (Low-Order 2 Bits of R4, R5) 


The CL3 period register (figure 21), is composed 
of six bits (R5 and the low-order two bits of R4). It 
specifies the CL3 signal period in 8-color display 
modes with horizontal stripes (display modes 
13-15), so it is invalid in other modes. CL3 is the 
clock signal used by the LVIC-II to output RGB 
data separately to LCD drivers. The value to be 
written into this register is Npc — 1, i.e., (Nhd + 6) 
x 1/3 — 1, where Nhd is the number of horizontal 
displayed dots x 1/8. If (Nhd + 6) is not divisible 
by 3, round it off. 


[7 
Towa | e[e@[s]o 
TFureton | wo [oon [ust | wso_ 


Figure 20 Control Register 2 





[ Vo VY = OY EON 
poaabt | sf2{st2tifo} sf2trtolrjof sf2a}ito 


Nvd— 1 


Vertical displayed lines register (Unit: lines) 


Npc — 1 . 
= (Nhd +6)x 18-1 


CL3 penod register 
(Unit: characters) 


Nvd: Number of vertical displayed lines 


Npc: CL3 period = (Nhd + 6) x 1/3 


Nhd: Number of horizontal displayed characters 
~ (number of horizontal displayed dots x 1/8) 





Figure 21 Vertical Displayed Lines Register and CL3 Period Register 
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Horizontal Displayed Characters Register (R6, 
R7) | 


The horizontal displayed characters register (figure 
22) is composed of eight bits (R6, R7). It specifies | 
the number of characters displayed on one 
horizontal line, called the number of horizontal 
displayed characters. | 


This register can specify even numbers only. In 
dual-screen modes (display modes 1, 6, and 16), 
the most significant bit of this register is invalid. 
When writing into this register, shift (Nhd — 1) in 
the low-order direction for one bit to cut off the 
least significant bit. Figure 23 shows how to write 
a value into the register when Nhd = 90. 


- Nhd — 1 without its least signifiant bit (Unit: characters) 





Figure 22 Horizontal Displayed Characters Register 


| patabt | 9 | 2 |r 
| vave fo fo jt 





Figure 23 How to Write the Number of Horizontal Displayed Characters 


| HITACHI 


684 Hitachi America, Ltd. * Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1 819 © (415) 589-8300 


CL3 Pulse Width Register (R8) 


The 4-bit CL3 pulse width register (figure 24) 
specifies the high-level pulse width of the CL3 
signal. In TFI-type LCD modes, a data hold time 
is necessary and it is determined by the high-level 
pulse width of the CL3 signal. The CL3 signal is 
output with the high-level pulse width specified by 
this register even when the LVIC-II is not in a TFT- 
type LCD mode. | 


Value 


[—_ 
Coast {ate[o[o 
ree 
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Fine Adjust Register (R9) 


The 4-bit fine adjust register (figure 25) adjusts the 
externally supplied display timing signal — 
(DISPTMG) to synchronize its phase with that of 
LCD data. The value to be written into this register 
depends on the interval between the rising edge of 
the DISPTMG signal and the display start position. 
For more details, refer to the Display Timing 
Signal Fine Adjustment section and table 12. This 
register is invalid if the DISPTMG signal is 
generated internally, that is, if either the DCK bit or 
the DSP bit of control register 1 (RO) is 1. 


(Unit: Characters) 


In TN-type LCD modes: Npw 
In TFT-type LCD modes: Npw — 5 


Now: High-level pulse width of the CL3 signal 
(number of dots while the CL3 signal is high x 1/8) 





Figure 24 CL3 Pulse Width Resister 


Tomes {fet sqo 


Polarity selection { 


Nda: Number of dots adjusted 





Absolute value of Nda (Unit: Dots) 


0: — (advances the DISPTMG signal) 
1: + (delays the DISPTMG signal) 


Figure 25 Fine Adjust Register 
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PLL Frequency-Division Ratio Register (R10, R11) 


The 8-bit PLL frequency-division ratio register 
(figure 26) specifies the PLL frequency-division 
ratio used for generating dot clock pulses by a PLL 
circuit. The PLL frequency-division ratio is the 
ratio of the DOTCLK signal's frequency to the 
horizontal synchronization signal's (HSYNC) 
frequency. The LVIC-II generates the DOTCLK 
signal according to this ratio. This register is 
invalid if the DOTCLK signal is supplied 
externally, i.e., it is valid only in the internal 
register programming method when the DCK bit of 
control register 1 (RO) is 0. 


_ The value to be written into this register is Npyy, — 
731, where Np;; is the PLL frequency-division 
ratio which can be obtained from the following 
equation: 


Np. — 731 = Ncht x n- 731 


Ncht: Total number of horizontal characters on 
CRT (Total number of horizontal dots on 
CRT x 1/n) | 

n: Horizontal character pitch (number of 
horizontal dots making up a character) 


Ncht can be also obtained from the CRT monitor 
specifications as follows; | | 


Ncht =1/n x (DOTCLK frequency/HSYNC | 
_ frequency) | 


Vertical Backporch Register (R12, R13) 


The 8-bit vertical backporch register (figure 27) 
specifies the vertical backporch which is the 
number of lines between the active edge of the 
vertical synchronization signal (VSYNC) and the 
rising edge of the display timing signal 
(DISPTMG), if the DISPTMG signal is generated 
internally. For details on the vertical backporch, 
refer to the Display Timing Signal Generation 
section and figure 9. 


This register is invalid if the DISPTMG signal is 
supplied externally. It is valid only in the internal 
register programming method when the DSP bit of 
control register 1 (RO) is 1. However, note that if 
the DCK bit of control register 1 (RO) is 1, the 
DISPTMG signal will always be generated 
internally so this register is enabled even if the DSP 
bit of control register 1 (RO) is 0. 


| daapt | 3] 2) sfo} sf} 2} ty 


Value 


Np.iL: PLL frequency-division ratio 


Npyt-731 


= DOTCLK frequency/HSYNC frequency 


Nevbp: Vertical backporch = number of lines between the active edge of 


(Unit: Lines) 


the VSYNC signal and the rising edge of the DISPTMG signal (the 
SPS pin must be set high if the VSYNC signal is active-high or 


_ low if it is active-low) 





‘Figure 27 Vertical Backporch Register 
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Horizontal Backporch Register (R14, R15) 


The 8-bit horizontal backporch register (figure 28) 
specifies the horizontal backporch which is the 
number of dots between the rising edge of the 
HSYNC signal and that of the display timing signal 
(DISPTMG), if the DISPTMG signal is generated 
internally. For details on the horizontal backporch, 
refer to the Display Timing Signal Generation 
section and figure 9. 


Value 


EE, 
| aabe | ste; rfo}s ie] tfo- 
Po Nh t 


This register is invalid if the DISPTMG signal is 
supplied externally. It is valid only in the internal 
register programming method when the DSP bit of 
control register 1 (RO) is 1. However, note that if 


the DCK bit of control register 1 (RO) is 1, the | 


DISPTMG signal will always be generated 
internally so this register is enabled even if the 
DSP bit of control register 1 (RO) is 0. 


(Unit: Dots) 


Nchbp: Horizontal backporch = number of dots between the rising edge of 
the HSYNC signal (just before the rising edge of the DISPTMG 
signal) and the rising edge of the DISPTMG signal 





Figure 28 Horizontal Backproch Registers 
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Palette Registers (P1—P8) eight colors provided by RGB signals. Use these 
registers to enable an 8-level gray-scale display 

The eight 4-bit palette registers (figure 29) each appropriate to the characteristics of the LCD panel. 

specify one of 13 gray-scale levels for one of the 4 


a 
Cc 
® 





Figure 29 Palette Registers 
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Reset 


The RES signal resets and starts the LVIC-II. The 
reset signal must be held low for at least 1 1s after 
power-on. 

Reset is defined as shown in figure 30. 


State of Pins after Reset 


_ In principle, the RES signal does not control output 
signals and it operates regardless of other input 
signals. Output signals can be classified into the 
following five groups, depending on their reset 
states: 


Retains pre-reset state: CL2, AQ—-A4 

Driven to high-impedance state (or fixed low if 
no memory is used): RDO-RD7, GDO-GD7, 
BDO-BD7 ae, 

Fixed high: MWE, CLA, M, CU, CD, MCS1, 
Fixed low: MAO-MA12, RO-R3, GO-G3, 
BO-B3, CL3, FLM 

Fixed high or low, depending on memory used 








(table 13): MA13-MA15, MCSO 


At reset | 


During reset 
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State of Registers after Reset 


The RES signal does not affect data register 
contents, so the MPU can both read from and write 
to data registers, even after reset. Registers will 
retain their pre-reset contents until they are 
rewritten. | 


The palette registers, however, are usually set to 
their default values by a reset. For the default 
values, refer to the Gray-Scale Palette section and 
table 11. 


Memory Clear Function 
After a reset, the LVIC-II writes Os in the memory 


area specified by pins or register bits MSO and 
MS1 (table 7). 


After reset 


(Reset state) 





Table 13 State of Pins after Reset and Memory Type 


Figure 30 Reset Definition 








Memory Type MA13 — MA14 MA15 MCSO 

No memory Low Low High ‘High 

8-kbytes memory High High High Low 

32-kbytes memory Low _ Low High Low 

64-kbytes memory Low Low Low Low 
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User Notes 


1. The following limitations are imposed if no 
memory is used (MSO = 0, MS1 = 0): 


¢ Dual-screen display modes (modes 1, 6, and 
16) are disabled. 


¢ LCD systems with Y-drivers on both sides are 
disabled, even if a mode for a system with Y- 
drivers on both sides (mode 3, 5, 10, 12, or 
14) is selected; the LVIC-II operates in exactly 
the same way as in the corresponding mode 
for a system with Y-drivers on one side (mode 


2, 4, 9, 11, or 13). The CL4 pin must be left | 


disconnected in this case. 


2. With the internal register programming method, 


the operation of the LVIC-II after a reset cannot 
be guaranteed until its internal registers have 
been written to. 


3. The memory clear function might not work 
normally at power-on or after a reset if the MSO 
and MS1 pins or bits are not set correctly to the 
value corresponding to the type of memory 
being used. 


4. Since the LVIC-II is a CMOS LSI, input pins 
must not be left disconnected. Refer to the Pin 
Description and table 1 for details on pin 
handling. 


Programming Restrictions 


The values written into the LVIC-II's internal 
registers have the limits listed in table 14. The 
symbols used in table 14 are defined in table 15 
and figure 31. 
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Table 14 Limits on Register Values 


| Applicable 
Item Limits Notes Registers 
Screen 43 Nvd $ (Ncevbp + Nevsp) — 1 $ 1024 R2, R3, R4, 
configuration 4S Nhd $ (Nchbp x 1/n + Nchsp) — 1 $506 1,2 R6, R7 
(Nhd + 6) x n x Nvd x fein S$ fpotcik $ 1,3 R2, R3, R4, 
30MHz R6, R7 
CL3 signal 18 Npws (Nhd + 6)/2 -1 4 R4, RS, R6, 
control 1NpwsNhd - 5 R7, R8 
1s Now s Npc- 1 6 
DISPTMG signal 1 $ Nchbp $ 256 7 R12, R13 
genetation 1 $ Ncybp $ 256 7 R14, R15 
No memory 4s Nhds Nchsp-4 8 R2, R3, R4, 
4 = Nvd s Nevsp -1 8 R6, R7 


Notes: 1. Lowercase n indicates the horizontal character pitch which is the number of horizontal dots 
composing a character. 
2. Nhd S$ 250 in the dual screen modes (display modes 1, 6, and 16). 
3. fei is the FLM signal frequency and fpotciK is the CRT display dot clock (DOTCLK) frequency. 
fLpoTcK < fpoteik < 15/16 oF fipotcK = fpoteiK 
(fupotcK is the LCD dot clock (LDOTCK) frequency) 
. In display modes 1, 2, 4, and 6-8 
. In display modes 3, 5, and 9-12 when Npw = iveluet in R8) +5 
. In display modes 13—15 when Npw = (value in R8) +5 | 
. (Value in R14 and R15) = (Nchsp x n + Nchbp) — Nhd x n-2 
(n = horizontal character pitch) 
(Value in R12 and R13) = (Ncvsp + Nevbp) — Nvd — 2 
8. Nht = Nchsp + (Nchbp x 1/n), Nvd < Nevbp + Nevsp 
(Nht = (Nhd + 6) if buffer memory is used) 
(n = horizontal character pitch) 


NOOO 
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_ Table 15 Symbol Definitions 


Symbol 
Nchd 


Nchsp 


Nchbp 
Nevbp 
Nevsp 


Ncvd 
Nhd 


Npe 
Npw 
Nht 


Nvd 


Definition 


Number of horizontal displayed characters on the CRT display (number of horizontal 
displayed dots on the CRT display x 1/8) | 


Number of characters between the rising edge of the DISPTMG signal and that of the HSYNC 
signal (number of dots between the rising edge of the DISPTMG signal and that of the 
HSYNC signal x 1/8) (= horizontal synchronization position) 


Number of dots between the rising edge of the HSYNC signal and that of the DISPTMG | 
signal (just after the rising edge of the HSYNC signal) (= horizontal backporch) 


Number of lines between the active edge of the VSYNC signal and the rising edge of the 
DISPTMG signal (just after the active edge of the VSYNC signal) (= vertical backporch) 


Number of lines between the rising edge of the DISPTMG signal and the active edge of the 
VSYNC signal (= vertical synch position) 


Number of vertical displayed lines on the CRT display 


Number of horizontal displayed characters on the LCD (number of horizontal displayed dots 
on the LCD x 1/8) 


Number of characters during one CL3 signal period (number of dots during one CL3 signal 
period x 1/8) 


Number of characters while the CL3 signal is high (number of dots while the CL3 signal is 
high x 1/8) 


Number of characters during a CL1 signal period (number of dots during a CL1 signal period 
x 1/8) 


Number of vertical displayed lines on the LCD 
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DOTCLK (er Ci (eg eee) al Ceres meee (i ik (i oe 


DISPTMG 


VSYNC 


DISPTMG ee dt cates ae 
; Nevbp | Nevsp 


CL2 


CL1 


CL1 


CL3 





FLM ee 
Cr 4 PLD. JL SLI L1 


| Nya NO) | | 
Note: For a dual screen, the Nvd period is doubled. 


Figure 31 Symbol Definitions 
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Comparisons with HD66840F 


Gray-Scale Generation Method 


The HD66840F shifts display data so that data on 
different lines will be thinned out in different 
frames, but the HD66841F shifts display data 
further so that data on different dots will be thinned 
out in different frames. This reduces deterioration 
of display contrast. 


Display Mode 


Mode 16 of the HD66840F (for 8-color display 
with horizontal stripes and X- and Y-drivers 
positioned on both sides of the LCD) has been 
modified into the following new mode in the 
HD6684 1F: 


Mode number: 16 | 
Pin setting: (DM3, DM2, DM1, DMO) = 
(1, 1, 1, 1) 
Display colors: 8 colors: 
LCD data output: —12-bit-based data transfer 
_ Dual screen configuration 
LCD driver settings: X-drivers and Y-drivers set 
on one side 
Stripes: Vertical 
Alternation mode: —_ Every frame 


In this mode, the HD66841F outputs upper screen 
data and lower screen data alternately, as shown in 
figure 32. In this case, the CL2 frequency is one 
quarter of the LDOTCK frequency. 





U: Upper screen data 
.: Lower screen data 


Figure 32 Operation in New HD66841F Mode 16 


Table 16 Gray-Scale Palette 


HD66840F 





HD66841F 
Numbers of registers 16 24 
(palette registers have been added to the 
HD66840's registers) 
Selection of correspondence Impossible Possible 
between CRT display colors (any of 13 levels assignable to each 
_ and gray-scale levels of 8 colors) 
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Absolute Maximum Ratings 


Item Symbol Ratings Unit 
Power supply voltage . Voc -—0.3 to 7.0 V 
Input voltage | Vin -0.3 to Voc + 0.3 V 
Operating temperature Topr —20 to +75 °C 
Storage temperature T stg —55 to +125 °C 


Notes: 1. Permanent LS] damage may occur if maximum ratings are exceeded. 
Normal operation should be under recommended operating conditions (Voc = 5.0V + 10%, 


GND = 0 V, Ta = —20°C to +75°C). if these conditions are exceeded, LSI reliability may be 
affected. 
2. All voltages are referenced to GND = 0 V. 


Electrical Characteristics 
DC Characteristics (Vcc = 5.0 V + 10%, GND = 0 V, Ta = -20°C to +75°C, unless otherwise noted) | 


Item Symbol Min Max Unit Test Conditions Note(s) _ 





Input high voltage 
RES pin Vin Voo-0.5 Voc+03 V 
TTL interface pins | 2.0 Vee + 0.3 | 1 
TTL interface pins 2.2 Voc + 0.3 4 
CMOS interface pins 0.7Vcoo Veco + 0.3 1 
Input low voltage — 
TTL interface pins, RES pin Vie: -0.3 0.8 V 1 
TTL interface pins 3 -0.3 0.6 | 5 
CMOS interface pins -0.3 0.3 Voc | | 1 
Output high voltage 
TTL interface pins Vou 2.4 — V lon = -200 pA 2 
CMOS interface pins Veco -0.8 — lon = -200 pA 
Output low voltage 
TTL interface pins Vo. — 0.4 V lo, = 1.6MA 2 
CMOS interface pins — 0.8 lo, = 200LA 
Input leakage current 
All inputs expect lt —-2.5 2.5 pA 3 


I/O common pins 


Three-state (off-state) 
leakage current 





I/O common pins rst -10.0 10.0 pA 3 
Power dissipation loc _ 250 mW _ fpotcik = 30 MHz, 
output pins left 
disconnected 
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Notes: 


1. 


TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, RDO-RD7, GDO-GD7, BDO-BD7, — 
DO-D3, AO/RD/XDOT, RS/ADJ/A4, CS/MSO 7 
CMOS interface inputs: DMO—-DM3, DOTE, PMODO, PMOD1, A1/YLO-AS/YL2 





. TTL interface inputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO—D3, RDO-RD7, GD0-GD7, BDO-BD7, 


MAO-MA15, MCSO, MCS1, MWE, RS/ADJ/A4 
CMOS interface inputs: CU, CD, ROALUO-R3/.US, G0/_LDO—G3/LD3, BO~B3, M, FLM, CL1, CL2, 
CL3, CL4 


. VO common pins: AO/RD/XDOT, A1/YLO-A3/YL2, DO-—D3, RDO—RD7, GDO0-GD7, BDO-BD7, 


RS/ADJ/A4 ee 
Inputs other than /O common pins: HSYNC, VSYNC, PMODO, PMOD1, CS/MSo, WR/MS1, 
RES, DOTE , DMO-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 


. TTL interface inputs: WR/MS1, LDOTCK, DOTCLK 
. TTL interface inputs: WR/MS1 
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AC Characteristics (Vcc = 5.0 V + 10%, GND = 0 V, Ta = -20°C to +75°C) 





Video Signal Interface 

Item Symbol Min Max Unit Reference 
DOTCLK cycle time tcycp 33 1000 ns Figure 33 
DOTCLK high-level pulse width two, 165  — ns 

DOTCLK low-level pulse width twoL 16.5 — ns 

DOTCLK rise time tort = 5 ns 

DOTCLK fall time | tor — | 5 ns 

RGB setup time typs 10 — ns 

RGB hold time . tyDH 10 _ ns 

DISPTMG setup time tots 10 —_ ns 

DISPTMG hold time toTH 10 —_ ns 

HSYNC setup time tuss 10 _ ns 

HSYNC hold time tHsH 10 =_ ns 

Phase shift setup time | tpps 2 teycp _ ns 

Phase shift hold time tppH 2 tcycp _— ns 

Input signal rise time toro _ 10 ns Figure 33 
Input signalfalltime #8 topo — 10 &2.-ns except for DOTCLK 
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DOTCLK 


DOTCLK 


DISPTMG 


F OV 


4 


0.8 V 





Figure 33 Video Signal Interface 
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Buffer Memory Interface 

Item Symbol Min Unit Reference 

Read cycle time tro | 5 teycp — 50 ns Figures 34 and 35 
RDO—-RD7, GDO-GD7, BDO-BD7 tsmD 25 ns 

data setup time 

RDO—-RD7, GDO-GD7, BDO—BD7 tump 0 ns 

data hold time 

Write cycle time two 6 teyep — 50 ns 

Address setup time tMaS teycp — 30 ns 

Address hold time _ twe tceycp — 30 ns 

Chip select time tow 4tcycp -40 ~— ns 

Write pulse width twp 4tcycp — 40 ns 
'RDO-RD7, GD0-GD7, BDO-BD7 bk 2teycp -25 sons | . 
output setup time | 

RDO-RD7, GDO-GD7, BDO-BD7 tupw 0 ns 


output hold time 
Note: tcycp is the DOTCLK cycle time (min 33 ns, max 1000 ns). 


MCSO0, MCS1 


ee —— 


EE Ax oe 





BDO-8D7 
(Memory — LVIC) 





Figure 34 Buffer Memory Interface (RAM read timing) 
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(LVIC-II—> Memory) 





Figure 35 Buffer Memory Interface (RAM write timing) 





LCD Driver Interface 

TN-Type LCD Driver 

Item . | Symbol = Min Max Unit Reference 
C2 high-level pulse width = two SiS (i —ti(‘<ié<isS™” 

Cl2rsetime = tay  — 380 ns 

Cl2faltme = tay — 80 ns 

Clirsetme $= tir — 80 ns 

CL1 fall time tons —_— 30 ns 

CL1 setup time tscu1 500 — ns 

CL1 hold time | tucu4 200 — ns 

FLM hold time the 200 — ns 

M output delay time tom — 300 ns 

-Data delay time top -20 20 ns 

LDOTCK cycle time | ~ twipoT 41 — ns 





Note: All values are measured at fo, 9 = 6 MHz. 
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TFT-Type LCD Driver 
Item Symbol Min Max Unit Reference 
CL2 cycle time trcL2s 133 — ns Figures 38 and 39 
(X-drivers on one side) 
CL2 high-level pulse width tTcL2Hs 30 — ns 
(X-drivers on one side)) 
CL2 low-level pulse width tTcLaLs 30 — ns 
(X-drivers on one side) 
CL2 cycle time trcL2p 266 _ ns 
(X-drivers on both sides) 
CL2 high-level pulse width ttcL2HD 80 _ ns 
(X-drivers on both sides) 
CL2 low-level pulse width trcLeLp 80 — ns 
(X-drivers on both sides) 
CL2 rise time torr _— 30 ns 
CL2 falltime toLor _ 30 ns 
CL1 high-level pulse width trouH 200 _ ns 
CL1 rise time toLir _ 30 ns 
CL1 fall time toLit —_ 30 ns 
Data delay time top: -20 20 ns 
Data setup time tips 15 — ns 
Data hold time tloH 15 —~ ns 
CL1 setup time trscis | 500 — ns 
CL1 hold time eee 200 oe ns 
CL3 delay time toes 50 — ns 
M delay time tom — 300 ns 
FLM hold time trey 200 — ns 
LDOTCK cycle time twLDoT 33 _— ns 
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RO-R3, GO-G3 
B0-B3 





FLM 


M (MCG bit = 0) , oa. “| oe 
M(mc bit=1) — LT LI LI] M7 rn py TLILFLs& 





Figure 37 CL1, FLM, and M (expanded detail of figure 36) 
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X-drivers on 
one side 
CL2 


RO-R3 
G0-G3 
BOo-B3 


X-drivers on 
both sides 


CL2 





Figure 38 TFT-Type LCD Driver Interface | 





Figure 39 CLI, CL3, CL4, FLM, and M in Horizontal Stripe Modes (expanded detail of figure 38) 


HITACHI | 
Hitachi America, Ltd. » Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 * (415) 589-8300 703 














‘HD66841F 


Register Programming 


MPU Interface a 

item _ Symbol Min Max Unit Reference 
RD high-level pulse width twroH 190 — ns Figure 40 
RD low-level pulse width twro- 190 — ns 

WR high-level pulse width twwR”H 190 — ns 

WR low-level pulse width twwac 190 — ns 

CS, RS setup time tas 0 — ns 

CS, RS hold time tay 0 — ns 

DO-D3 setup time tosw 100 — ns 

DO-D3 hold time ton 0 a ns 

DO-D3 output delay time topr — | 150 ns 

DO-D3 output hold time toHR 10 _ ns 





Figure 40 MPU Interface 


- HITACHI | 
704 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 





HD66841F 


ROM Interface 

Item Symbol Min Max Unit Reference 
A signal cycle time tevca 528 — ns Figure 41 
A signal rise time tar — 100 ns 

A signal fall time tar — 100 ns 

D signal ROM data setup time tpswo 120 — ns 

D signal ROM data holdtime —tpywo 0 — ns 


Note: teyca = 16 teycp (tcycp: DOTCLK cycle time) 


A0—A4 24V 
ie ean ¢rrti(‘_OCOCSCSC~CSK 
DOo-D3 ; : 20V ; 


Figure 41 ROM Interface 








PLL Interface 

Item Symbol Min Max Unit Referenc2 
CU fall delay time tur _ 80 ns Figure 42 
CU rise delay tine tur — 80 ns 

CD fall delay time | tos — 80 ns 

CD rise delay time tor — 80 —s ns 

Reset Input 

Item , Symbol Min Max Unit Reference 
Reset input pulse width tREs 1 — us Figure 43 
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Figure 42 PLL Interface 





Figure 43 Reset Input 


Load Circuits 


TTL Load 


Pins R, R Cc Remarks 
MAO—MA15, MWE, MCSO, MCS1, 24kQ — 11kQ 40 pF tr, tf: Not specified 
BDO-BD7, GDO~GD7, RDO—RD7 

AO/RD/XDOT, A1/YLO-A3/YL2, 2.4 kQ 11 kQ 40pF etr, tf: Specified 
A4/RS/ADJ | | 

Capacitive Load 

Pins Cc - Remarks 

CL1, CL2 | 40 pF tr, tf: Specified 

RO—R3, GO-G3, BO-B3, FLM, 40 pF tr, tf: Not specified 


M, CU, CD, CL3, CL4 


So 
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All diodes = 1S2074@) 





Figure 44 TTL Load Circuit 





Figure 45 Capacitive Load Circuit 
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Color LCD Interface — (CLINE) 


| Description 


The HD66850F CLINE interface controller 
converts multi-color video signals for CRT display 
into color or monochrome LCD data. 


This device enables an LCD system to replace a 
CRT display system without any changes to the 
original display system. It automatically adapts to 
display modes of the IBM-VGA (Video Graphics 
Array™) system, facilitating the configuration of 
an LCD system. 


The CLINE can control TN-type (Twisted rematic) 
color and monochrome LCDs and can display a 
maximum of 4096 color levels or 16 gray levels. 


Note: Video Graphics Array is a trademark of 
International Business Machines Corpor- 
ation, U.S.A. 


Features 


© Various LCD panel sizes supported 


— 640 or 720 dots wide 
— 32 to 512 lines high 

¢ Programmable display size 
— 32 to 720 dots wide 
— 32 to 512 lines high 

¢ Easy-to-see display 
— Centering 
— Stretching (display stretched to fill out the 

panel) 

¢ Improved gradation display quality using the 
pulse width modulation method 

¢ Desired gradation levels assignable to each 
display color through the use of internal 
gradation level palettes 

¢ Changeable LCD frame frequency 
— Through the use of a multi-port RAM frame 

buffer 
— Within the range of 1p to 2 times of CRT 
display dot clock frequency 

¢ High-speed operating frequency: 32 MHz 
(CRT display dot clock) 

* Recommended LCD drivers: HD66106 and 
HD66107T (column and common drivers) 

« Single power supply: +5 V 

¢  136-pin flat plastic package (FP-136) 
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Pin Arrangement 


r- 
Oo 
og 
2) 
A . 
BERS PRR EERERREERSREREER SSPE REE ARSE EERE RR ERES RSE REREEERS EES 


OUOOUUOUUOUOU UU oe ee eee eae a 
° ou |e JIOin or nnd 
WBOorNnmMtNOonR AIO AAA -NOMOTYTMNOROOer eee 
Z2zag qc ¢ -— Banasaaohbodbaoana Qa0 
gia 2 E2SFS2z Ze wVe[ee 835sssssss8osae 
Note: Pin No. 9 is not used; must be fixed low. 
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Pin Description 


Type 
Power 
supply 


MPU/ROM 
or program 
interface 


Symbol 
Vecl= 
Voc7 


GND1 - 
GND8 


Do - D7" 


Pin No. 


14, 34, 53, 76, 


88, 115, 124 


16, 46, 70, 82, 
97, 102, 131, 136 


(M) 116 — 123 
(R) 116-123 


(P) 130 


(R) 130 
(P) 129 


Pin Name 
Veco! - Vec7 
GND1 - GND7 
Data0-7 
Data0-7 


Dot clock edge 
change 


Address 5 


Spread display 
select | 


vo 


Function 


All of these pins must be | 
connected to a +5V supply 


All of these pins must be grounded. 


Transfer data between internal 
registers and MPU 


input data to internal registers from 
external ROM 


Switches RGB data latch timing 

High: Data latched at the rising 
edge of DOTCLK pulses 

Low: Data latched at the falling 
edge of DOTCLK pulses 


Inputs a read signal for reading 
data from internal registers 


2 ee SD Om eee ere cee em ee eee ae GD eb Oe an Ee CSP ED RD CER GEe EHO ED GOR Cine OED Cen ED OED ED OEE GID GED GY GH GED GRU GED Gy GD GED GED OP GE ON GD GD CD RE GED CED OED GY OY GES GED OE OP GD ae GED Om GED ee auD Om om? un ame GD aD ee om 


Outputs external ROM address 5 


Selects either of the following 
display size modes 

High: Double — width display 
Low: Normal display 


(R) 129 
(P) 128 


(P) 127 


(M) 127 


(R) 127 


AJO, AJ1°2 (P) 125, 1 126 


AO, A1°2 


(R) 125, 126 


Address 4 
Adjust 3 


Adjust 2 


Register select 


Address 2 
Adjust 0, 1 


Address 0, 1 


O 


Inputs a write signal for writing 
data to internal registers 


Outputs external ROM address 4 


Adjusts the display timing signal 
(table 1) 


Inputs a chip select signal to select 
the CLINE 

High: The CLINE not selected 
Low: The CLINE selected 


ee et GU Ome come com om crm che com GED GED CEP GD GEE CED SND CE OD eae One cD OED cw ter OOD GEE TED HEE HD UD EY GED GD ID Gt GD GED GUD OND Gm GD Gam CO GD GHD Gun GED CON GD CED COE GEE GD aD GY an Gy On OP aw a OP Ow GP aD am am Ge aw em a a om aD 


Adjusts the display timing signal 
(table 1) 


Inputs a register select signal to 
select either CLINE data registers 
or index register 

High: Data registers 

Low: The index register 


Outputs external ROM address 2» 


Adjust the display timing signal 
(table 1) 


ae fe in in Sh nee sh ee Sa esas sca “sain sla “Shen ‘seer “Gs “antes! Se ao cea Seb SS nan se eae em a a a i eh ni oe, ean aw i 


Output external ROM addresses 0 
and 1, respectively 





(M): For MPU programming method (R): For ROM programming method (P): For pin programming method 
V/O: Input/Output 


HITACHI 


710 — Hitachi America, Ltd. ° Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300 








Pin Description (cont.) 


Type 


CRT 
interface 


LCD 
interface 





Symbol 


Ro — R3°3 
Go - G3°3 


Bo — B3°3 


DOTCLK 
HSYNC 
VSYNC 


BLANK 


UD4 - 
UD7*4 
UDO - 
UD3*4 


LD4—- 
LD7*4 


LDO — 
LD3"4 
XCL1°4 
YCL1 
CL2 


FLM 


/O: Input/Output 


Pin No. 


1-4 


5-8 


10-13 


15 
134 


133 


135 


111-114 
107 — 110 
103 — 106 
98 — 101 
96 

95 

94 


93 


Pin Name 
Red serial data 0 —3 
Green serial data 0 —3 


Blue serial data 0 —3 


Dot clock 


Horizontal 
synchronization 


Vertical 
synchronization 


Blanking 


LCD upper panel data 
4-7 


LCD upper panel data 
0-3 


LCD lower panel data 
4-7 


LCD lower panel data 
0-3 

X-driver latch clock 
Y-driver shift clock 
Y-driver shift clock 


First line maker 
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VO Function 


Input CRT display R data 


Input CRT display G data or 
monochrome data 


Input CRT display B data: For 
monochrome display, B1 selects 16- 
gray-scale display and BO indicates 
the type of CRT display data input. 
B1 = high: Prohibited 
Bi = low: 16-level gray scale 
_ display | 

BO = high: 64-color data input 
BO = low: 16-level gray scale 

data input 


Inputs the dot clock pulses for CRT 
display 

Inputs the CRT horizontal synchro- 
nization signal 


Inputs the CRT vertical synchroniza- 
tion signal 

Inputs a display timing siganl 
indicating horizontal or vertical 
display period, or a blank signal 
indicating the display period with 
border area period 

Output LCD upper panel data or 

R data 


Output LCD upper panel data or 
G data 


Output LCD lower panel data or 
B data 

Output LCD lower panel data or 
| data 


Outputs the LCD data latch clock 
pulses for X-drivers 


Outputs the LCD data line shift 
clock pulses for Y-drivers 


Outputs the LCD data line shift 
clock pulses for Y-drivers 


Outputs the first line maker for 
Y-drivers 
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Pin Description (cont.) 











Type Symbol Pin No. Pin Name VO Function | 
LCD M 92 M O Outputs a signal for converting LCD 
interface — drive signals to AC 
SCLK 91° Shift lock O Outputs clock pulse with a 
frequency identical to CL2 but 
a without a retrace period 
DATAE*4 90 ~ Data enable O Indicates LCD data display period 
DISPON’4 89 Display on O Controls LCD on/off 
LDOTCK 17 LCD dot clock | Inputs LCD dot clock pulses 
Buffer MDO - 54 —69 Memory data 0 — 15 O Output data to be written to buffer 
memory MD15°5 | memory 
interface 
7 MSO — 18-33 Memory serial data. ' Input data read from buffer memory 
MS15°6 0-15 | | | 
MAO — 38 — 45 Memory address © Output buffer memory addresses 
MA7'5 7 0-7 0-7 | 
MA8/ 37 Memory address 8/ O Outputs buffer memory address 8 
SOE1°5 serial output enable 1 when 1-Mbit RAMs are used or 
: 3 outputs a serial data output enable 
signal when 256-kbit RAMs are 
used 
SOEOS 36 Serial output enableO O Output a serial data output enable 
| signal for buffer memory 
WE'S 48 Write enable O Outputs a write enable signal for 
| buffer memory | 
DT/OE’5 47 Data transfer/output O Outputs a data transfer signal or 
enable an output enable signal for buffer 
memory 
RASO, 51, 52 Row address strobe 0, O Outputs a row address strobe signal 
RAS1°5 row address strobe 1 for buffer memory | 
CAS, | 49, 50 Column address O Outputs a column address strobe © 
CASL*S5 strobe signal for buffer memory 
Sc’s 35 Serial clock © Outputs serial read clock pulses for 
| buffer memory : 
-Mode PMODEO, 74, 75 Program mode 0, { Select a CLINE programming 
control PMODE1 | program mode 1 | method (table 2) 
LMODEO- 83-87 LCD mode0-4_ i Select a display mode (table 7) 
LMODE4 : | | 
' MMODEO, 77,78 = Memory mode 0, 1 | Select a memory configuration 
MMODE1 (table 3) 
SYNC 73 Synchronization | Select a basic clock for LCD 
| ‘ High: DOTCLK 
aa Low: LDOTCK 
VO: Input/Output 
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Pin Description (cont.) 


Type Symbol Pin No. Pin Name — /O Function 


Mode VMODE 79 VGA mode i Specifies a CRT display system 
control High: Non-VGA system 
(cont) Low: VGA system 


VSIZE 80 LCD vertical size i Specifies the vertical size of the 
; LCD panel 
High: 480 lines 
Low: 400 lines 


HSIZE 81 LCD horizontal size [ Specifies the horizontal size of the 
| LCD panel 
High: 720 dots 
Low: 640 dots 


RES 132 Reset l Inputs an external reset signal 
TESTO, 71, 72 Test 0, 1 | Used for tests; Must be grounded 
TEST1 | 


I/O: Input/Output | 


Notes: 1. Must be fixed low for pin programming method. 
2. Must be fixed low for MPU programming method. 
3. Must be fixed low when not used. 
4. Must be left disconnected when not used. 
5. Must be left disconnected when buffer memory is not used. 
6. Must be fixed low when buffer memory is not used. 


Table 1 Display Timing Signal Fine Adjustment 





- Pin Number of Dots 

AJ3 AJ2 AJ1 AJO Adjusted 
0 0 0 0 0 

0 0 0 1 — 

0 0 1 0 -2 

1 0 0 0 0 

1 0 0 1 +1 

1 0 1 0 +2 

1 0 1 1 +3 

1 1 0 0 +4 

1 1 0 1 +5 

1 1 1 0 +6 


Note: — (minus) indicates advancing the phase of the display timing signal, 
+ (plus) indicates delaying the phase of the display timing signal. 
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Table 2 Programming Method Selection 


Pin 
PMODE1 PMODEO Programming Method 
0 0 Pin 
0 1 internal registers (MPU) 
1 0 Internal registers (ROM) 
1 1 Prohibited 


Table 3 Memory Configuration Selection 


Pin 
MMODE1 MMODEO Memory Configuration 
0 0 1-Mbit RAM 
0 1 256-kbit RAM 
1. 0 No memory 
1 1 No memory (when the CRT controller 


supports dual screen display) 
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Block Diagram 


VMODE 
VSIZE 


HSIZE 
LMODE4— 
LMODEO 


RES 


LDOTCK - 


DOTCLK 
SYNC 
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D7—UDO 
LD7-LDO 
SCLK 
DATAE 
DISPON 


‘ 


O 


XCL1 
YCL1 


z 


= 


_— 
~~ — ff R-RRAR 






LCD interface 


Line buffer memory 
(R, G, B) 














Gradation 
control 





Frame 
buffer — 
memory 
control 









Gradation 
Palette 
(R, G, B) 

















Stretch/ 
centering 





Serial to 


parallel control 


converter 













_ Gradation level 
reducing circuit 






Internal 







Timing 


register 
control 









Double—width 
display control 


rue 


2 8 8 
23 4 


MPU/ROM 
interface 





ae 





AJ1/A1 
AJO/AO 


HSYNC 
VSYNC 
DOTE/RD/A5 
SP/WRI/A4 
AJ3/CS/A3 
AJ2/RS/A2 
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Table 4 Register List 






































ee Index Reg Reg. Program 3 Read/ | | Data Bits 
CS RS 3 2 #14 OO No. Register Name Units Write 7 6 5 4 3 2 1 0 
1 ea ¢ hee a * * * * * * * * 
0 0 0 0 0 0 IR _ Index | = Ww —- — — — 1A3 tA2 IA1 IA0 
0 0 0 © 0 RO Control a RW — — — _ STE CRE CCE sP_ DISP 
| | _ ON 
0 1 0 © © 1 RI Inputtiming controt Dot RW — — — DOTEAS A2 Adil AJO- 
0 1 0 0 1 © R2_ Horizontaldisplay size Character “RW — DH6 DHS DH4 DH3 DH2 DH1 DHO 
0 1 0 ©O 14. 1 R83 Vertical display size (high-order) Line RW ae, ee eee eee NS 
0 1 0 1 #0 0 Vertical display size (low-order) _Line RW DV7 DV6 DVS DV4 DV3 DV2 DV1 DVO 
0 1 #O 14  O 1. RS Centering raster Line RW CR7 CR6 CRS CR4 CR3 CR2 CRI CRO 
(Raster) 
0 1 #O 4 + 14 + O R6 Centering character Character R/W — — — CC4 CC3 CC2 CC1 CCO 
0 1 #O 1 1 4. R7_— Border color control ~_ Rw — —  #— BM BCI-BCR BCG BCB 
oO 1 #14 0 #0 O- R8__ Stretching control Line RW - - _- - SF3 SF2 SF1 SFO 
0 14 +1 +O O 1. RY Stretching index (high-order) Line - RW Si5 Si14 SH3 S12 SI11 SHO SI9 sis 
0 1 #1 +#O +14 0 R10 Stretching index (low-order) ~ Line R/W Si7 sie si si4 Sis Ssi2 sit sio 
0 1 #1 +O 1 + 1. R11 Gradation level palette address  — w — —  PS1 PSO PA3 PA2 PA1 PAO 
© 1 #14 #1 + +O O- R12. Gradation level palette data = RW — — PDS PD4 PDS PD2 PD1 PDO. 
0 1 71 + 1 + © 1 13  Gradation display clock period Dot RW 2 ws to ae en ee, ee GCS 
| (high-order) -_ 
o 1 1 #4 +14 =O R14 Ssaapee display clock period — Dot R/W GC7 GC6 GC5 GC4 GC3 GC2 GC1 GCO. 
ow-order) 





Oo 1 #4 #4 = #1 + 1 #25915 Reserved xen a eins Aes ee. tae. «= Geet. Ge eo te 


Notes: 1. Bits marked with * cannot either read from or written to. 
2. Bits marked with — are invalid and must.be initialized to Os; they cannot be read. 
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System Description 


Figure 1 shows an example of a VGA-compatible 
display system implemented with the CLINE. In 
this system, a color palette HD153119 (Hitachi), 
which is capable of digital output, is used with a 
VGA-compatible CRT controller. The CLINE 
receives digital color data and display sychro- 
nization signals from the color pallette and the 
CRT controller, respectively, and displays 4096- 
color images on a color LCD, or 16-level 
grayscale images on a monochrome LCD. With 
minor modification of the existing CRT display 
system, simultaneous LCD and CRT display is 
possible. | 


HSYNC, VSYNC 
DOTCLK, BLANK 


Addition of an external frame buffer memory 
(dual-port RAM) allows the LCD frame frequency 
to be increased above that of a CRT. This enables 
easy-to-see gradation display and the control of 
LCDs having a dual screen configuration. 


CLINE operation may be controlled by internal 
registers through the 80-family MPU bus or an 
external ROM (as shown in the figure), or simply 
by pins. 


| MPU or ROM 


& 


Frame buffer 
memory 


Analog data 





Figure 1 System Block Diagram 
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Functional Description 
Programming Methods 


To control CLINE functions, set the appropriate 
pins and/or internal registers according to the 
functions used. Controlling methods include pin 
and internal register programming methods. 
Internal register programming includes the MPU 
and ROM programming methods. Any of the 
three methods can be selected by the combined 
setting of pins PMODEO and PMODE!1 (table 2). 


The pin programming method uses pins to control 
CLINE functions, and the internal register 
programming method uses data written to the 
internal registers to control the functions. 


Address bus 


Data bus 


lOW 


1OR 
: } Decoder | 


RS WR RD Do-D7 
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(a) Connection of MPU bus with CLINE 


Figure 2 (a) shows a connection ‘example of the 
CLINE and MPU buses for the MPU program- 


- ming method. The CLINE bus, which is com- 


patible with the 80-family microprocessor bus, can 
be directly connected to the host MPU bus. 


Figure 2 (b) shows a connection example of the 
CLINE and ROM for the ROM programming 
method. In this case, data is automatically loaded 
into internal registers from the external ROM 
attached for this purpose. Note that with the ROM 
programming method, the reset signal must be 
applied before rewriting the internal registers or 
gradation level palettes. 


A0-A5 DO-D7 


HD66850F 


(b) Connection of ROM with CLINE 





Figure 2 Connection of MPU Bus. or ROM with CLINE 
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Automatic Adaptation to VGA Display Modes 


VGA CRT display system display size varies 
depending on the display mode. (VGA display 
sizes are: 320, 360, 640, or 720 dots wide and 350, 
400, or 480 lines high.) The CLINE identifies the 
current display mode from VSYNC and HSYNC 
signal polarities and the display period length, and 
changes the display size automatically (tables 5 
and 6). This function is enabled by setting the 
VMODE pin low. The CLINE, based on this 
function, automatically sets the necessary registers 
(RO, R2, R3, R4, R5, R6, R8, RY, and/or R10) 
corresponding to the parameters of the display 
size, double-width display, gradation display 
clock, and stretching/centering display functions. 
(In MPU or ROM programming method, selection 
of vertical centering (bit 3 of RO) or stretching (bit 


HD66850F 


4 of RO) is not automatic.) Consequently, in VGA 
display modes, rewriting these registers is disabled. 


Note that display stretching and centering are 
unavailable when buffer memory is not used in the 
system, even in VGA display modes. In these 
cases, a display of different vertical size would be 


placed in the upper section of the LCD panel, 


resulting in a blank area in the lower section. 
Centering the display in a system without memory 
requires external circuits or BIOS tuning. 


When displaying an image 720 dots wide (9 dots x 
80 characters) on an LCD panel 640 dots wide, the 
CLINE removes the ninth horizontal dot of each 
character to prevent losing the far-right portion of 
the image. 


Table 5 Automatic Vertical Display Size Settings for VGA Display Modes 


VSYNC HSYNC Display Size 

_ Negative Positive 350 lines 1-6 
Positive Negative 400 lines 1-7 
Negative Negative 480 lines 1-8 


Border Rasters 


Displayed Rasters 
7-356 
8-407 
9-488 


‘Table 6 Automatic Horizontal Display Size Settings for VGA Display Modes 


BLANK Signal High Level 


Pulse Width Display Size Border Dots Displayed Dots 

256-335 dots 320 dots (256-color) 1-5 6-325 

336-359 dots 320 dots (16-color) 1-8 9-328 

360-511 dots 360 dots 1-9 10-369 

640-703 dots 640 dots 1-8 9-648 

704-767 dots 720 dots 1-9 10-729 
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LCD Panel Size 


LCD panel size is specified by either pins or 
internal registers. 


For VGA modes, vertical panel size of 400 or 480 
lines can be selected by the VSIZE pin and — 


horizontal panel size of 640 or 720 lines by the 
HSIZE pin. 


For non-VGA modes, the panel size is also 


specified by the VSIZE and HSIZE pins in pin | 


programming method. In internal register 
programming method, vertical display size is 
specified by the vertical display size register (R3 
and R4), within the range of 2 to 512 lines. Here, 
note that the vertical display size specified by R3 
and R4 is the CRT display vertical size. When this 
size differs from the LCD panel vertical size, 
centering or stretching function must be used. 
Refer to the following equations for calculating 
the number of centering rasters and the stretching 
ratio. For the definition of the centering rasters, 
see figure 23, Centering Rasters, 


¢ Forcentering — 
LCD panel vertical size (line) = 
CRT display vertical size (line) + centering 
rasters (lines) x 2 | 

e For stretching 
LCD panel vertical size (line) = 
CRT display vertical size (line) x stretching 
ratio 

Table 7 Double-Width Display Usage 


| Programming Method CRT System Mode 


Pin: SP . VGA 
Non-VGA 

internal register: VGA 

Control register bit 1 me 


Since LCD panel horizontal size is limited to 640 
or 720 dots even in internal register programming 
method, centering function must be used as well. 
so that the total number of horizontal dots 
including the CRT display area and border areas 
become 640 or 720. Refer to the following 
equation to calculate the number of centering 
characters. For the definition of the border areas 
and centering characters, see figure 25, Centering 
Characters. | 


LCD panel horizontal size (dot) = 
{number of horizontal display characters + 
(number of centering characters x 2)} x 8 


Double-Width Display 


Some CRT display systems have a low-resolution 
display mode of 320 horizontal dots in addition to | 
a high-resolution display mode of 640 horizontal 
dots. In this case, the CRT display system lowers 
the dot clock frequency to reduce one line of data 
to 320 dots. If such data is supplied to the LCD 
system of 640 horizontal dots as-is, the entire 
display will be placed on the left section of the 
panel with the right half blank. To accommodate 
this situation, the CLINE doubles the width of the 
low-resolution display. This function is enabled 
by the SP/WR/A4 pin in pin programming method 
or the SP bit (bit 1) of the control register (RO) in 
internal register programming method (table 7). In 
either method, for VGA display systems, the 
CLINE detects low-resolution display mode and 
automatically enables double-width display. 


Setting 
Automatic 


_ 0: Normal display | 
1: Double-width display 


Automatic 
0: Normal display 
1: Double-width display 
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Stretching and Centering Display 


When the display size differs from the LCD panel 
size, data will be displayed on the upper-left 
section of the LCD panel with blank space to the 
right and/or below if no countermeasures are taken. 
To provide a user-friendly display, the CLINE can 
stretch a display to fill out the panel or center a 
display. Both stretching and centering functions 
are enabled by control register (RO) bits 2, 3, and 4. 


Note that stretching and centering functions are. 


available only in a system where buffer memory is 
used. This is because these functions are realized 
through adjustment of memory access. Similarly, 
stretching and centering functions are unavailable 
in non-VGA modes when the CLINE is controlled 
by the pin programming method. Simultaneous 
use of the vertical centering and stretching 
functions is also impossible. 


In the internal register programming method, 
horizontal centering function is controlled by the 
centering character register (R6) within the range of 1 
to 32 characters (8 to 256 dots), while vertical 
centering function is controlled by the centering 
raster register (R5) within the range of 1 to 256 lines. 


Vertical 
centering 


Horizontal centering 


(a) Horizontal Centering and 
Vertical Centering 


Figure 3 Display Examples Using Stretching/Centering Functions | 


Stretching function is controlled by the stretching 
control register (R8) and the stretching index 
register (R9 and R10) so as to double the vertical 
display size at most. 


Figure 3 shows display examples using stretching/ 
centering functions. In these examples, a display 
of 640 dots x 350 lines is displayed on an LCD 
panel of 720 dots x 400 lines, using 
stretching/centering functions. 


For VGA modes, in both internal register 
programming and pin programming methods, 
necessary parameters are automatically calculated 
from the relationship between display size and the 
LCD panel size and set in the appropriate registers. 
Consequently, there is no need to account for 
display size. 


However, the vertical centering or stretching 
function can be selected in the internal register 
programming method. (In pin programming 


method, the stretching function is automatically 


selected.) Table 8 describes the use of the 
stretching and centering function. 


Horizontal centering 


(b) Horizontal Centering and 
Vertical Stretching 
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Table 8 Stretching and Centering Function Usage 


Programming _ CRT System 
Direction Method _ Mode _ Display Arranging Function Setting 
Vertical Pin | VGA - Stretching Automatic. 
| Non-VGA None _ —"| 
Internal register VGA Stretching or centering Automatic *2 
Non-VGA Stretching or centering Necessary 
Horizontal Pin VGA Centering | Automatic 
Non-VGA None —*1 
Internal register VGA ~ Centering Automatic — 


Non-VGA Centering | Necessary 


Notes: 1. Display size must be LCD panel size. 
7 2. Either stretching or centering function must be selected by the internal register. 
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Display Modes 


Display Mode Settings and LCD Module __ configuration (single or dual), gradation display 
Configurations: The CLINE supports 20 display § method, and width of data transfer to LCD drivers. 
modes, depending on the settings of the LMODE4 __ Table 9 lists the display modes and figures 4 (a) to 
to LMODEO pins. The display mode includes 4 (g) show the corresponding LCD module 
display color mode (color or monochrome), screen _ configurations. 


Table 9 Display Modes and LCD Module Configurations 


OID n oO ais GW NH 





Mode Pin: LMODE - Display Color Mode Screen Data LCD Module 
' No. 4 3 2 1 0 (Gradation Display Method) Config. Width Config. 
1 0 0 0 0.0 Monochrome: black and white Single 4 Fig. 4 (a) 
0 0 0 0 1 Dual 4 Fig. 4 (b) 
0 0 0 1 =O Single 8 Fig. 4 (c) 
0 0 0 1 1 Dual 8 Fig. 4 (d) 
0 0 1 0 0 Monochrome: 16 gray levels Single 4 Fig. 4 (a) 
0 0 | 1 0 | { (Frame-based data thinning) Dual 4 Fig. 4 (b) 
0 0 1 1 =-0 Single 8 Fig. 4 (c) 
0 011 1 Dual 8 Fig. 4 (d) 
0 1 0 0 0 Monochrome: 16 gray levels Single 4 Fig. 4 (a) 
10 01001 (1/2 pulse width modulation) Dual 4 Fig. 4 (b) 
11 0 1 0 1 #90 Singale 8 Fig. 4 (c) 
12 0 1 0 1 =1 Dual 8 Fig. 4 (d) 
13 1 0 0 0 0 16 colors Single 2 Fig. 4 (e) 
14 1 0 0 1 0 | Single 4 Fig. 4 (f) 
15 1 0 O 1 1 8 colors | Single 8 Fig. 4 (g) 
16 1 0 14 #0 0 4096 color levels | Single 2 Fig. 4 (e) 
47 10% 1 ~0 (Frame-based data thinning) Single 4 Fig. 4 (1) 
18 1o1%1% 1 | Single 8 Fig. 4(g) 
19 1 1 0 1 ©  4096color levels Single 4 Fig. 4 (f) 
20 : 9) @ 4-4 (1/2 pulse width modulation) Single 3 Fig. 4 (g) 


Note: Modes 15, 18, and 20 are interleaving structure modes. 
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: CA HD66106 
may aay HD66106 | 


N 


LCD 





 4bits 
| ea” AAS HD66106 


(a) Single screen, 4-bit data width (b) Dual screen, 4-bit data width 


8 bits 
ao” aa HD66107 


8 bits 





a ae HD66107 | 
8 bits 
Zo HD66107 
(c) Single screen, 8-bit data width (d) Dual screen, 8-bit data width 
2 bits a "Bas = 
. . . LE _cE 
B= Color drivers . > Color drivers | 
LCD LCD 
(e) Single screen, 2-bit data width, color drivers (f) Single screen, 4-bit data width, color drivers 


8 





(g) Single screen, 8-bit data width, interleaving 
structure 


Figure 4 LCD Module Configurations by Display Modes 
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Gradation Level Reduction: Although a CRT 
display system can represent information for over 
100,000 color levels, an LCD cannot handle so 
much information. 


Consequently, CRT color or gradation level 
information must be reduced in order for the 
CLINE to display it. Reduction methods vary 
depending on the input color or gradation level 
information, the LCD panel (color or mono- 
chrome), and other factors. Table 10 lists 
gradation level reduction for CLINE modes, where 
"Input Bits" indicates CRT display color data and 
"Reduced Data" indicates input to the gradation 
level palettes. 


- Input Display Data Connection: Input display 


‘data connection and pin settings depend on the 
CRT input mode (color or gradation level 
information) and the LCD panel used. 


¢ When monochrome LCD panel is used 
(LMODE4 = 0) 


— 64-color input and 16-level grayscale output. 


(modes 5-12) 


The BO pin must be set to 1; and the B1 pin to 
0. Unused display data input pins must be 
fixed to 0. See figure 5 (a). 


— 16-level grayscale input and 16-level 
grayscale output (modes 5-12) 


Both BO and B1 pins must be set to0. Unused 
display data input pins must be fixed to 0. See 
figure 5 (b). 


e When color LCD panel is used (LMODE4 = 1) 


— 64-color input and 16- or 8-color output 
(modes13-15) 


Two-bit R, G, and B data must be input to the 
R2-R3, G2-G3, and B2-B3 pins, respectively. 
Unused display data input pins must be fixed 
to 0). See figure 6 (a). 


— 4096-color input and 4096-color output (modes 
16-20) | 


Four-bit R, G, and B data must be input to the RO- 
R3, GO-G3, and BO-B3 pins, respectively. If the 
input has more than 4096 colors, use the high- 
order four bits of each color. See figure 6 (b). 


Table 10 Gradation Level Reduction for CLINE Display Modes 


‘Input Bits 


Reduced Data 


input CLINE Display LCD Gradation Level 
Mode R G B Mode 3 2 41 =0 Panel Reduction (Bits) 
4096 4 4 4 4096 color D3 D2 D1 DO Color 12-12 
colors levels | 
64 2 2 2 16 colors R G B I Color 6+» 4 
colors st 
64 2 2 2 16 gray levels D3 D2 D1 ODO Monochrome 6-4 
colors | 
16gray — 4 — 16 gray levels D3 D2 Di DO Monochrome 4-4 
levels | | | 
16gray — 4 — Monochrome All Os or all 1s Monochrome 4-1 
levels (black & white) 
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R2, R3 

G2, G3 | | 

B2, B3 CLINE ——* 16-level grayscale 
BY | : LCD data 


Bo 


(a) 64—color input and 16—level grayscale output 


16-level gray- 
scale data 


LCD data 





(b) 16—grayscale input and 16—level grayscale output 





Figure 5 Input Display Data Connection and Pin Settings when a Monochrome 
LCD Panel is Used ; | 
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> Color LCD data 


(a) 64-color input and 16- or 8-color output 


C————_ > Color LCD data 





(b) 4096-color input and 4096-color output 


Figure 6 Input Display Data Connection and Pin Settings when a Color LCD Panel is Used 
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LCD Data Output: The CLINE uses pins 
UD7-UD0 and LD7-LD0 for display data output. 


Output data from these pins depend on the display 


-mode, as shown in table 11. However, data output 
timings are basically the same in all display 
modes. Display data output timing for modes 15 
and 18 (8-bit color data transfer, bidirectional 
connection, without pulse width modulation) is 
shown in figure 7. Display data output timing for 


the LCD display modes with pulse width 
modulation is slightly different. This type of 


example is shown in figure 8. Figure 8 shows the 


display data output timing in mode 10 (1/2 pulse 
width modulation, 4-bit monochrome data transfer, 
and dual screen configuration). 


However, LCD lower panel data LD3-LD0 are not 


_ shown in the figure. | 


Table 11 LCD Data Output Pins and Display Data by Display Modes 


| _ Monochrome Modes 
4-Bit/ 


4-Bit/ 8-Bit/ 8-Bit/ 
Single Dual Single Dual 
Pin Screen Screen Screen Screen 
UD? oe D7 UD7 
UD6 _—-_  — D6 UD6 
UD5 — —_ D5 UDS 
UubD4. — as D4 «U4 
UD3 D3 UD3 D3 UD3 
UD2 D2 _ UD2 D2 UD2 
UD1 D1 UD1 D1 UD1 
UDO DO UDO DO. UDO 
LD7 —_ — LD7 
LD6 — — —_ LD6 
LDS — —_ — LD5 
LD4 — — — LD4 
LD3 _ LDS _ LD3 
LD2 — LD2 — LD2 
LD1 — LD1 — LD1 
LDO — LDoO — ~ LDO 


Notes: 1. The left bit corresponds to MSB. 


h&QNM — 


| Color Modes 

2-Bit 4-Bit 8-Bit 

R3 R15 G10 BS 

R2 B15 R9 G4 
Ri Ri G14 B9 R3 
RO - RO R13 G8 B3 
— G3 B13 R7 G2 

G2 G12 B7 Ri 
Gi —6h G1 R11 G6 B1 
GO GO B11 R5 Go 
— B3 G15 B10 R4 
—_ B2 R14 GQ -—s«&B4 
B1 B1 B14 R8 G3 
BO BO G13 .—s- B8 R2 
— (13) R12 G7 B2 
— (12) B12 R6 G1 
(I1) (1) = Git B6 RO 


(10) (10) R10 G5 Bo 


. U and L indicate upper panel and lower panel data, respectively. 
. Data in parentheses are for 16-color display. 
. — indicates that the corresponding pins are not used; must be left disconnected. 
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Figure 7 Display Data Output Timing in Display Modes Without Pulse Width Modulation 


(Modes 15 and 18) 
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In figure 8, data PO-0, P4-0, ... P636-0 make up _ data determines the display status as follows: (first 
the first set of data for one line to be output to — data, second data) = (0, 0): display off; (1, 0): 12 
LCD drivers via pin UD3. Likewise, data PO-1, = pulse width modulation; and (1, 1): display on. 
P4—1, ... P636-1 make up the second set of data. For more details, refer to the Gradation Display 
The combination of the first and second sets of | Methods section. | 





Figure 8 Display Data Output Timing in Display Modes with Pulse Width Modulation 
(Mode 10) 
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Gradation Display Methods 


The CLINE supports the frame-based data 
thinning method and pulse width modulation 
method for gradation display. 


Frame-Based Data Thinning Method: In the 
frame-based data thinning method, the CLINE 
thins out the display data in line or dot units in the 
specified frames. 


Pulse Width Modulation Method: In the pulse 
width modulation method, the CLINE combines 
1/2 pulse width modulation and frame-based data 
thinning. In this case, data is output from X-drivers 
twice in one line-selection period (figure 9). 

Consequently, the X-driver latch clock must be 






X-driver Line n 
input data 1st data 
X-driver 





2nd data ist data 2nd data 
output data 2nd data 1st data 2nd data 1st data 


Figure 9 Driver Clock and Display Data Timing for Gradation Display 
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different from the Y-driver shift clock, and a 
conventional LCD module configuration cannot be 
used. Therefore, clock XCL1 must be supplied to 
X-drivers and clock YCL1 to Y-drivers (figure 
10). 


The XCL1 period is specified by the gradation 
display clock period register (R13 and R14) when 
no buffer memory is used in non- VGA modes and 
in the internal register programming method. 
(Pulse width modulation is unavailable when 
buffer memory is not used in non- VGA modes, pin 
programming method.) In the other cases, the 
register is automatically set, since the YCL1 
period is fixed (table 12). . 









with 1/2 Pulse Width Modulation 
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Se 


_ LCD module 





Figure 10 X- and Y-Driver Clock Connection for Pulse Width Modulation Method 


Table 12 XCL1 Period Setting 


Memory Mode XCL Period ) Setting 


With-memory Half of YCL1 period for 1/2 pulse with Automatic 
— modulation method | 
Without-memory VGA Half of YCL1 period for 1/2 pulse width Automatic 
modulation method (See note below) 
Non-VGA . | 
Internal register Conforms to gradation display clock Required (R13, R14) 
programming register (R13, R14) settings 


Pin programming — 


Note: Total number of horizontal dots must be 400, 450, 800, or 900 for displaying 320, 360, 640, or 720 
dots, respectively. 
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Gradation Level Palettes 


Gradation display quality depends greatly on LCD 
panel characteristics. 

Consequently, uniform gradation display may be 
impossible for some panels. To accommodate this 
situation, the CLINE incorporates a set of 
gradation level palettes that can assign any 
gradation level to any CRT display color as 
desired. 

16 levels are available for gradation display using 
the frame-based data thinning method and 31 
levels using 1/2 pulse width modulation method. 
Appropriate levels can be selected for the LCD 
panel used. 


The R-, G-, and B-palettes are used for color level 
display modes, while only the R-palette is used for 
16-level grayscale display modes. 


HD66850F 


In pin programming and MPU programming 
methods, these palettes are automatically loaded 
after reset with appropriate data for frame-based 
data thinning modes and 1/2 pulse width 
modulation modes. The automatically set data 
cannot be rewritten in the pin programming 
method, but can be rewritten, any time after 100 
is have elapsed after reset, in MPU programming 
method. 


By contrast, in the ROM programming method, 
these palettes are not automatically set. Thus 
writing the necessary data to the palettes is always 
required. 7 


Table 13 shows the relationship between the 
values set in the palettes (through R12) and 


gradation levels. Values other than those shown 


here disable correct display. 
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Table 13 Relationship between Gradation Levels and Palette (R12) Values | 


(a) Frame-based data thinning modes 


Grada- 
tion 
Level 
No. 


0 


OlDOInNI SD |; oy R i dd jrM]— 


we f of mw | ow | oe 
& | G@inm |—~ | oO 


5 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


3] 


4 
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at i ti EZ TOTO TOTO Oo yOTOo};y oOo] e 
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Palette Data (R12 Data Bits) 
2 
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(b) 1/2 pulse width modulation modes 


erra Point Pkwy. « Brisbane, CA 94005-1819 « ( 


| Grada- 
Grada- tion | . Grada- 
—tlon Level Palette Data (R12 Data Bits) tion . 
Level No. 5 4 3 2 1 0 Level 
0.00 0 0 1 #0 0 0 0 06.00 
0.14 0 1 0 0 0 1. 007 
0.20 2 0 1 0 0 14 +O 0.10 
0.29 3 0 1 0 0 14 +1 ~~ 0.14 
0.33 4 0 1 0 1.0 0 047 
0.40 5 0 1 0 1 OO 1. 0.20 
0.43 6 0 1 0 14.1 +O 021 
0.50 7 0 1 0 14 #414 #4 += 0.25 
0.57 8 o 1 1 0 0 #O- 0.29 
0.60 9 0 1 1 0 0 4. 0,0 
066 10 oO 1 #1 0 14 #0 0,3 
0.71 11 oO 1 1 0 4 #4 ~~ 0.36 
0.75 12 0 1 1 #14 +O O- 0838 
0.80 13 oO 1 14 #4 #O 1. 0.40 
0.86 14 oO 1 14 4 #4 +0 0.48 
100 1% oo 1 14 4 #4 4 + 050 
16 1 1 0 060 0 ©O- 0850 
17 1 #1 0 0 0 +1 057 
18 1 1 0.0 4 + O- 0.60 
19 1 4:0 0 4 #4 ~~ 0.64 
20 1 1 0 14 +O 6 - 067 
21 1 #1 0 14 0 14 0.70 
22 1 14 0 14 #4. 0 ~~ #071 
23 1 4 0 14 #4 4 + 0.75 
24 1 4 14 0 0 0 079 
25 1 14 14 0 0 14. 0.80 
26 1 #14 4 +O 14 OO 0.83 
27 1 #4 14 O 4 14 0.86 
2061 «47 «#414~«44 08 0 088 
29 1 14 #4 #4 +O 4. 090 
30 1 14 4+ 4 #4 0 093 
31 ‘1 4 At 4 1.00 
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Display On/Off Control 


When the LCD drivers used have an LCD on/off 
control pin, display can be controlled with the 
CLINE DISPON signal. When the LCD drivers 
used do not have an LCD on/off control pin, the 
CLINE can turn off display by transferring all-0 
display data to the drivers. 


Display will be turned on with the DISPON pin = 
1, turns the display off while DISPON = 0. The 
DISPON pin is equivalent to the DISPON bit (bit 
0) of the control register. 


In the pin programming method, display is on 
except for four frames after reset. The four frame 
display-off time period prevents random display at 
power-on. In the MPU programming method, 
display is turned off at reset, but can be freely 
turned on or off after four frames after reset by 
rewriting the corresponding register bit. In the 
ROM programming method, a 1 must be written to 
the DISPON bit to turn on display. Like in other 
programming methods, display is off for four 
frames after reset. 


LDOTCK Frequency and Data Transfer Rate 


The LDOTCK frequency (fi porcx) for asynchro- 
nous mode is calculated from the following 
equation: | 

fi poTcK = (Nhd + 48) x Nvd x fp 

Nhd: Number of dots contained in one 
horizontal line of the LCD panel 
Number of horizontal lines from the LCD 


panel top to bottom 
fp: Frame frequency 


Nvd: 


In this case, the following relationship must hold 
true: 


1/2 fporcix < fLpotck < 2 x fpotcLkK 
fpoTcLk: Dot clock frequency 
The data transfer rate to LCD drivers depends on 


the mode in which the CLINE is used. 
Specifically, the rate depends on screen configura- 
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tion (single or dual), data transfer width (bit 
count), and gradation display methods. For 
example, the data transfer rate will be doubled for 
1/2 pulse width gradation display. This is because 
data must be transferred two times during one line- _ 
selection period. The data transfer rate (fcy2: CL2 
frequency) is calculated from the following 
equation (f, porck = fpotcLK for synchronous 
mode): 


_ fLpotck = 1 


f 
CL2 nxm 


n: Number of panels composing one screen 
— 1 for modes 1, 3, 5, 7, 9, 11, 13-20 


— 2 for modes 2, 4, 6, 8, 10,12 — 

m: Number of bits transferred at one time 
— 2 for modes 13, 16 

— 4 for modes 1, 2, 5, 6, 9, 10, 14, 15, 17-20 
— 8 for modes 3, 4, 7, 8, 11, 12 

1: Constant for each gradation display 

— 1 for modes 1-8, 13-18 

— 2 for modes 9-12, 19, 20 
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Synchronous/Asynchronous Modes and 
Memory — 


The CLINE has two timing modes: asynchronous 
and synchronous. | 


In asynchronous mode, dot clock pulses for the 
CRT system (DOTCLK) are different from those 
for the LCD system (LDOTCK) in frequency to 
accommodate frame frequency conversion. This 
requires buffer memory as shown in figure 11 (a). 
In this mode, dual screen LCD panels can be used. 


‘In synchronous mode, dot clock pulses for the CRT 
system are identical to those for the LCD system, 
thus requiring no buffer memory in principle 


(synchronous without-memory mode (figure 11. 


(b)). However, synchronous without-memory 
mode cannot support dual screen LCD panels. 


HD66850 
Gradation 

eel 

DOTCLK | LpoTcK 


(a) Asynchronous Mode 


(6b) Synchronous Without- 
Memory Mode 





The CLINE has another mode in which dual 
screen LCD panels can be used and fewer memory. 
devices are required. This is called “synchronous 
with-memory mode” (figure 11 (c)). In this mode, 
the number of memory devices can be reduced to a 
half or a third that of asynchronous mode. This is 
because RGB data sent from the CRT system is 
processed for gradation display before being 
written into buffer memory. (In asynchronous 
mode, on the other hand, R, G, and B data sent 
from the CRT system is separately written into the 
R-plane, G-plane, and B-plane memories, 
respectively.) 


Table 14 summarizes these modes. . 


HD66850 , 
Gradation — 
DOTCLK | Processing 


(c) Synchronous 
With-Memory Mode 


Figure 11 Signal Flow for Synchronous/Asynchronous With-/Without-Memory Modes 
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The CLINE uses dual port RAMs for buffer 
memory, enabling high-speed display and 
independent use of an LCD dot clock and a CRT 
dot clock. 


The CIINE supports three types of memory 
configurations: 64k x 4 bits (256 k), 256 k x 4 bits 
(1 M), and 128 k x 8 bits (1 M), any of which can 
be selected with the MMODEO and MMODE]1 
pins (table 3). 


Table 14 Memory Mode Summary 


Asynchronous With- 
Memory Mode 

Centering/stretching Possible 

Max number of gray levels 16 © 

Max number of colorlevels 16 

Dual screen Possible 

Max number of 512 

display lines 

Frame frequency Possible 

conversion 


™ 640 or 720 
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The number of memory devices required depends 
on the LCD panel size and the display mode. 
However, it depends only on LCD panel vertical 
size and not on horizontal size since the CLINE 
uses memory as shown in figure 12. For example, 
one 256-kbit memory device is required for the 
panel having 256 or less lines and two for that 
having 257 to 512 lines. Table 15 lists the number 
of memory devices required for each mode. 


Synchronous With- Synchronous Without 
Memory Mode Memory Mode 
Possible Impossible 

16 16 

4096 (frame-based 4096 (pulse width 

data thinning) modulation) 

Possible Impossible 

512 1024 

Impossible Impossible 


64 k x 4 bit memory 





Figure 12 Display Sizes and Memory Area Used 
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Table 15 Number of Memory Devices for Different Display modes 


Number of Memory Devices Required 





| Asynchronous oa, Synchronous 
Display Mode 64kx4 256kx4 128Kx8 64Kx4  256Kx4  128Kx8 
Monochrome 2 1 fd | 2 1 1 
Modes 1-4 — | : | 
16-level grayscale 8 4 2 2 1 1 
(frame-based) : 
Modes5-8 
16-level grayscale 8 4 2 4 2 1 
(1/2 pulse width) | 
Modes 9-12 | 
8-color Mode 15 6 3 2 | 6 3 2 
16-color Modes 13,14 8 4 2 8 4 2 
4096-color-scale —_ _ _ 6 3 2 
(frame-based) 
Modes 16-18 





Frame-based: Frame-based data thinning method 
1/2 pulse width: 1/2 pulse width modulation method 
Note: With-memory mode does not support color level display using the pulse width modulation method. 
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Display Timing Signal Fine Adjustment 


When the display timing signal is supplied 
externally, a phase shift may appear between CRT 
data and the display timing signal, since each 
signal has its own peculiar lag. The CLINE can 
adjust the display timing signal with pins AJ3—AJO 
(in pin programming method) or with the input 
timing control register (R1) (in internal register 
programming method) to compensate the phase 
shift (table 1). | 


Figure 13 (a) shows an example of adjusting a 
display timing signal that is two dots ahead of the 
display start position. In this case, pins (AJ3, AJ2, 
AJ1, AJO) or data bits (3, 2, 1, 0) of R1 must be set 
to (1, 0, 1, 0) to delay the signal for two dots. 
Conversely, they must be set to (0, 0, 1, 0) to 
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advance the signal for two dots for the case of 
figure 13 (b), where the display timing signal is 
two dots behind. 


When there is no need to adjust the signal, a 
setting of either (0, 0, 0, 0) or (1, 0, 0, 0) will 
work. 


It should be noted that the VGA CRT system 
applies the BLANK signal, which includes the 
border area period, as the display timing signal, 
and that the CLINE removes the border area 
period. Consequently, the border area period must 
be considered for adjusting the display timing 
signal. 
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_ ~<— Display start position 
CRT displ i, | | 
CRT display aE CR) Ce SE 


a 2 dots ahead 


Display timing 


signal before 3 Fine adjustment 
adjustment | « (1,0, 1, 0) 


Display timing 
signal after 
adjustment 


(a) Delaying Display Timing Signal 


Display start position ~~, 


CRT display | 
data 2 dots behind 


Display timing — 
signal before 


adjustment . | Fine adjustment 
| | = (0, 0, 1, 0) 


Display timing 
signal after 
adjustment 





(B) Advancing Display Timing Signal 


Figure 13 Display Timing Signal Fine Adjustment 
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Border Color Control 


In the internal register programming method, the 
CLINE can specify the color of a blank area that is 
left on a centered display (figure 14). Any of 16 
colors or the color of the dot immediately before 
the valid display data can be specified by the 
border color control register (R7). However, the 


Horizontal centering 





desired color can be specified only in asyn- 
chronous mode. 


In the pin programming method, the specified 
color is always the same color as the dot 
immediately before the valid display data. 


Border area 


Vertical 
centering 


LCD panel 


Figure 14 Border Area and an LCD Panel 
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Internal Registers 


The CLINE has one index register (IR) and 15 data 
registers (RO-R14). In the MPU programming 
method, the desired register address must be 
written in one cycle into the index register before 
writing or reading data to/from the register in the 
following cycle. By contrast, in the ROM 
programming method, the index register is not 
used; the CLINE automatically reads data from the 
_ ROM, in which data has been written to the ROM 
addresses corresponding to the desired data 
registers, and writes it to the data register. 


Registers are valid only for the internal register 


Write (01)H to 
the index register. 


Write data to R1 


programming method and are invalid (don’t care) 
for the pin programming method. Since all data 
registers are reset to Os, they must be rewritten 


after reset. 


Register Access for MPU Programming Method 


_ First write the desired data register address into the 


index register with CS = 0, RS = 0, and WR = 0, 
then write/read data to/from the register with CS = 
0, RS = 1, and WR = 0 or RD = 0. Figure 15 
shows the timing for writing data into an internal 
register. 


Write (02)H to 
the index register. 


Write data to R2 





Figure 15 Internal Register Write by MPU 
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ROM Data Setting for ROM Programming 
Method 


The desired data must have been previously must have been written to ROM addresses 
written to the ROM addresses corresponding tothe  $0010-$003F. Consequently, data written for 
data register addresses; that is, to ROM addresses _internal registers R11 and R12 are invalid. Figure 
$0000-$000F. Data for the gradation level palettes | 16 shows the ROM address map. 


Data for RO Internal registers 
Data for R1 
Data for R2 


Data for R-palette 0 R-palettes 
Data for R-palette 1 | 


Data for G-palette 0 G-palettes 
Data for G-palette 1 


Data for B-palette 0 B-palettes 
Data for B-palette1 


Not used 





Figure 16 ROM Address Map 
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Index Register (IR): The index register (figure 17), 
composed of four valid bits, selects one of the 15 
data registers. The index register itself is selected 
by the MPU while the RS signal is low and selects 
a data register with the register address written. 


Control Register (RO): The control register (figure 
18) is composed of five valid bits, each with a 
particular function. 


¢ STE bit 
—— STE = 1: Stretching function enabled 
— STE = 0: Stretching function disabled 


¢ CRE bit 
— CRE = 1: Vertical centering function 
enabled 
— CRE = 0: Vertical centering function 
disabled 


Simultaneous use of stretching and vertical 
centering functions is impossible; if both the CRE 


Databt | 7 | 6 
i 


Value heen ss 


and STE bits are set to 1 at the same time, correct 
display will be disabled. 


¢ CCE bit | 
— CCE = 1: Horizontal centering function 
enabled 
— CCE = 0: Horizontal entering function 
disabled 


° SP bit 
— SP = 1: Double-width display 
— SP = 0: Normal display 


¢ DISPON bit 
— DISPON = 1: Display on 
— DISPON = 0: Display off 


DISPON is always cleared at reset. In the MPU 
programming method, rewriting this bit can 
always be rewritten. However, display will be off 
for four frames after reset, regardless of the status 
of this bit. 


Register address 





Figure 17 Index Register 









Databt | 7 | 6 | 5s | 4 | 3 | 2 | 


om [=| el 


_ Figure 18 Control Register 
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Input Timing Control Register: The input +° AJ3-AJO bits: Adjust the externally supplied 


timing control register (figure 19) has five valid display timing signal to synchronize its phase 
bits, having two different functions. with that of LCD data. Write the shift, 
represented in dots, between the display timing 
¢ DOTE bit: Switches RGB data latch timing. . signal and the display start position to these _ 
— DOTE = 1: Latches data at the rising edge bits. The absolute value of the number of dots 
of the dot clock pulses to be shifted must be written to the AJ2-AJO 
— DOTE = 0: Latches data at the falling edge bits and shift polarity to the AJ3 bit. If there is 
of the dot clock pulses no need to adjust the display timing signal, 
these bits may be set to either (1, 0, 0, 0) or (0, 
0, 0, 0). 


rtelsla] 
vate [== | = oor a Tae a | an, 
i ceacsiscespnaiaaccngiills 


Number of Dots 
Adjusted 





Note: — (minus) and + (plus) in the Number of Dots Adjusted column indicate advancing and delaying 
the display timing signal, respectively. 





Figure 19 Input Timing Control Register 
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Horizontal Display Size Register: The hori- 


zontal display size register (figure 20), composed 


of seven valid bits, specifies the horizontal display 
size in units of characters (eight dots). The value 
to write to this register is “number of characters 
displayed on one horizontal line - 1.” A 
maximum of 90 characters (720 dots) can be 
specified. | 

This register is set automatically in VGA mode. 


Vertical Display Size Register: The vertical 
display size register (figure 21), composed of nine 
valid bits, specifies the vertical display size in 
units of lines. The value to write to this register is 
“number of lines displayed from display screen 


- top to bottom — 1.” A maximum of 512 lines can 


be specified. 
This register is set automatically in VGA mode. 


vaue | — | ove | ons | on4 | xs | pH2 | put | Dio | 





Figure 20 Horizontal Display Size Register 


Value | ee 


[value | pv7 | ove 





Figure 21 Vertical Display Size Register 
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Centering Raster Register: The centering raster 
register (figure 22), composed of eight bits, 
specifies the number of rasters for vertically 
centering the display within the range of 1 to 256. 
The value to write to this register is “number of 
rasters for centering - 1.” As shown in figure 23, 
the number here indicates the number of rasters in 
either the upper border area or lower border area, not 


the total number. Since the LCD panel size is 
determined by this number and the display size, the 
number of rasters must be correctly written if the 
display size differs from the LCD panel size. 
Incorrect setting disables correct display. This 
register is enabled the control register’s CRE bit is 1. 
This register is set automatically in VGA mode. 


R5 


| 
patat | 7 | 6 | 5 | 4| 3s] 2/1] o| 





Figure 22 Centering Raster Register 


Number of rasters 
(upper) 


Number of rasters 
(lower) 


Border area 
(upper) 


Display 


Border area 
(lower) 





Figure 23 Centering Rasters 
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Centering Character Register: The centering | 


character register (figure 24), composed of five 
valid bits, specifies the number of characters for 
‘horizontally centering the display within the range 


of 1 to 32. The value to write to this register is — 


“number of characters for centering — 1.” As 
shown in figure 25, the number here indicates the 
number of characters in either the left border area 


or right border area, not the total number. Since 


the LCD panel size is determined by this number 
and the display size, the number of characters must 


be correctly written when the display size differs 
from the LCD panel size. Incorrect setting 
disables correct display. This register is enabled 
when the control register’s CCE bit is 1. 


This register is set automatically in VGA mode. 


pe | 5s 
[vate | — | — | — | cca} cos] coe | cor | coo 





Figure 24 Centering Character Register 


Number of characters 


(left) 


Border area 
(left) 





Number of characters 
(right) | 


Display 


Border area 
(right) 


Figure 25 Centering Characters 
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Border Color Control Register: The border +« BCI, BCR, BCG, and BCB bits: Specify the 


color control register (figure 26), has five valid color to be displayed on the border area. These 
bite having two different functions. These bits are enabled when the BM bit is 1; reset to 
functions are available only in with-memory Os. | 

mode. 


Stretching Control Register: The stretching 
¢ BM bit: Specifies border control mode; reset to —_ control register (figure 27), composed of four valid 
0. This bit must be 1 in asynchronous mode. bits, is used in combination with the stretching 
index register (R9 and R10). It specifies the 
— BM = 1: Displays the color specified by the _ period for stretching in units of lines. The value to 
BCI, BCR, BCG, and BCB bits in the _write to this register is “number of lines -1.” This 
border area (disabled in synchronous mode) register is enabled when the control register’s STE 
: bit is 1. 
— BM = 0: Displays the color of the dot _‘ This register is set automatically in VGA mode. 
immediately before the display period on 
the border area 













R7 


pee test eemennreracts 
oaat | 7 | 6 | s5 | 4] a ]e2t1 | o 
[vaue | — | — | — | ow | por | aor] 80a | Boa 


Figure 26 Border Color Control Register 





databt | 7 | 6 | 5 | 4} 3/24] o | 


Figure 27 Stretching Control Register 


veuo | — | — | — | 
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Stretching Index Register: The stretching index 
register (figure 28), composed of 16 valid bits, is 
used in combination with the stretching control 
register (R8). It specifies the lines to be displayed 
twice among those specified by R8. The lines 
represented by the SI bits which are set to 1s will 


7 


7 
Vaue | si7 


Stretching 
period 
(R8 = 4) 





be displayed twice. Although this register has 16 
bits, only the bits within the period specified by _ 
R8 are enabled. For example, when R8 is set to 
four, only five bits of SIO to SI4 of this register are 
enabled (figure 29). | 

This register is set automatically in VGA mode. 


Figure 29 Stretching Display 
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Gradation Level Palette Address Register: The ~- 
gradation level palette address register (figure 30) 

is composed of six valid bits with two different 
functions. 


¢ PS1 and FSO bits: Specify a method of 
selecting the plane of the gradation level 
palettes (R, G, or B). 


— (PS1, PSO) = (0, 0): Every time the 
gradation level palette data register (R12) is 
read from or written to, either R-, G-, or B- 
palette is automatically selected, in tha 
order | 


— (PS1, PSO) = (0, 1): R-palette is selected 


— (PS1, PSO) = (1, 0): G-palette is selected 


— (PS1, PSO) = (1, 1): B-palette is selected 









[vate | 


Figure 30 Gradation Level Palette Address Register 
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PA3-PAO bits: Specify the desired gradation 
level palette using the address written to these 
bits. After palette address specification, data is 
read from or written to the specified palette and 
the address is automatically incremented by 1. _ 
The address increment manner depends on PS1 
and PSO settings. 


— (PS1, PSO) = (0, 0): Gradation level palette 

_ address is automatically incremented by 1 

after reading/writing data from/to R, G, and 

B gradation level palettes in that order, 

through the gradation level palette data 
register 


—Other settings: Gradation level palette 
address is automatically incremented by 1 
after reading/writing data from/to any one 
gradation level palette, through the 
gradation level palette data register 
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Gradation Level Palette Data Register: The 
gradation level palette data register (figure 31), 
composed of six valid bits, contains data which is 
read from or written to the gradation level palette 
specified with the gradation level palette address 
register (R11). 


Gradation level palettes must be set according to 
the display mode used (16-level grayscale display 
or 4096-color-scale display); the R-palette must be 
used for 16-level grayscale display, and R-, G-, 
and B-palettes for 4096-color-scale display. PDS 
bit must be 1 and PD4 bit must be 0 in frame- 
based data thinning mode. PD4 bit must be 1 in 
1/2 pulse width modulation mode. Show table 13. 


In the MPU programming method, the gradation 
level palettes must be read/written after 100 ms 


[Databit | 7 
[value | — | 





have elapsed after reset. Note that display is 
scattered during palette read/write. a 


In the MPU programming method, gradation level 

palettes are not directly read from, but are read 
from via this register. Consequently, any data that 
happens to be in this register at that time is read 
out in the first read cycle, and then data 
corresponding to the specified address is 
transferred to this register and read from this 
register in the following read cycle. The address is 


incremented (or R-, G-, and B-palettes are 


switched) at the same time. In other words, after 
address setting, the first data read is incorrect, and 
the second data read is correct. Consequently, one 
dummy read is required after setting a gradation 
level palette address. Figure 32 shows the timing 
for reading a gradation level palette. 


Iriel rere 
[pos | pps | pps | poe | ppt | Po | 


Figure 31 Gradation Level Palette Data Register 





=a) O—) 


(N+1) (N+2) 


po-p7 —{sos)—{_N_}—{soc)-—{*)—{n} —{_)-—{_) 


Address 


Gradation level 
palette data register 


(N): Data for address N 


(NX Nat XK Na? XN) 





Figure 32 Gradation Level Palette Data Read 


| HITACHI 
752 Hitachi America, Ltd. * Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 





HD66850F 





Gradation Display Clock Period Register: The * GC8~GCO bits: Specify the number of dots for 


gradation display clock period register (figure 33), T1; T1 is the period of XCL1 for 1/2 pulse 
composed of nine valid bits, specifies the period of width gradation display. When the total 
XCL1, the LCD data latch clock, when pulse number of dots for one period of the YCL1 
width modulation method is used for gradation clock pulse cannot be divided by two for 1/2 
display. The value to write to this register is pulse width gradation display, the remainder is 
“specified number — 1,” in units of dots. Eight added to T1 as T1’, where Tl’ = T, - Tl 
through 512 dots can be specified. Note that this (figure 34). 


register is invalid in with-memory mode. 
This register is set automatically in VGA mode. 


R13 


datant | 7 | 6 | 5 | 4] 3a] 2} 1 | oo) 
veo. | — | — | — | — | ~ | — | — loos 


oat | 7 [| 6 | s | 4} 3/2/41] o 
a 


R14 





Figure 33 Gradation Display Clock Period Register | 


dl 
~YCL1 | 


T1 









T1' 






XCL1 
(1/2 pulse width) 





Figure 34 T,, T1, and T’ 
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Reset Description 


The RES signal resets and starts the CLINE. The 
RES signal must be supplied at each power-on. 
Reset is defined as shown in figure 35. 


Pin: In principle, the RES signal does not control 
- output signals and it operates regardless of other 
input signals. The reset states of input/output pins 
are described below. 


¢ D0O-D7: Not affected by reset. These pins 
output data even during the reset state when 
RD = 0, CS = 0, RS = 1, and WR = 1, in the 
MPU programming method. 


Reset state . 


Figure 35 Reset Definition 





e A0Q—AS5: Always output Os during the reset state 
in the ROM programming method. Otherwise, 
these pins serve as input pins. 


Registers: The contents of all internal registers are 
lost and cleared; the desired data must be rewritte 
after reset. | 7 


Palettes: Palettes are automatically loaded after 
reset with the appropriate data according to the 
display mode. When data different from the 
automatically set data is needed, the data must be 
overwritten 100 Ls or more after reset. (100 ps is 
required for automatic data setting.) 


0.8V 


After reset 
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There are some restrictions and notices in the 
HD66850F. Please check the following content, 
and use it. 


Input Signal Timing 
HSYNC, VSYNC Asserted Width: The HSYNC 
and VSYNC input signals have the minimum 


asserted width to operate correctly, please keep the 
asserted width with the below value or more. 


Table 16 HSYNC, VSYNC Asserted Width 


Condition Item 
All mode Asserted HSYNC 
Asserted VSYNC 
Table 17 VSYNC, BLANK Phase Shift 
Condition Item. 
All mode VSYNC 
BLANK 
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HSYNC to VSYNC, HSYNC to BLANK Phase 
Shift; There are some restrictions between 
HSYNC and VSYNC, and HSYNC and BLANK. 
Don't input them within the restricted phase shift. 


Symbol Minimum Dots 
a 12 dots or more 
b | 2 rasters or mode 
Symbol Available Dots 
C.. 3 dots or less, 16 dots or 
more | 
d 1 dot or more 


Note: In VGA mode, the polarities of HSYNC and VSYNC depend on the display resolution on CRT, but 
we will explain them as the active-high input in this document. 





Figure 36 HSYNC, VSYNC Asserted Width 





Figure 37 VSYNC, BLANK Phase Shift 
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Total Horizontal Dots: HD66850F needs 48 dots 
for the horizontal retrace period, and the HSYNC 
period must be 688 dots or more when 640 dots 
display, 768 dots or more when 720 dots display. 


Table 18 Total Horizontal Dots 


Condition | Symbol 
Allmode e 


Table 19 Horizontal Front Porch 


Horizontal Front Porch: There is a restriction 
about the horizontal front porch (from negated 
BLANK to asserted HSYNC) as the below in- 


VGA mode. Please input them with the minimum 


value or more. Especially in 320 or 360 dots wide, 
period of the front porch is usually just 3 or 4 dots. 
Please delay HSYNC asserted timing, and hold the 
minimum value. Otherwise the first line on a panel 
will be incorrect. 


Minimum Dots 
688 dots. (when 640 dots display) 
768 dots. (when 720 dots display) 


Dot Adjust 
Condition |§ Symbol item —2 -1 +0 +1 #42 #43 «444 «845 = 46 
VGA mode f Horizontal 320 or 1 dot or more 3 dots or more 7 dots 
| 640 dots display or 
more 


Horizontal 360 or 
720 dots display 


Note: The BLANK ‘High’ width (g) must be 328 or 336 dots in 320 dots display, 376 dots in 360 dots 
display, 656 dots in 640 dots display, and 738 dots display in 720 dots display. 


1 dot-or more 


5 dots or more 





Figure 38 Total Horizontal Dots 





Figure 39 Horizontal Front Porch 
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When it displays 720 dots wide (text mode) on 
640 dots panel in VGA mode, HD66850F removes 
1 dot from each 9 dots. It may not display 
correctly according to the combination of the dot 
ajust and the period from negated BLANK to 
asserted HSYNC (h in figure 4). In this case, 
please change the dot adjust, or delay asserted 
timing of HSYNC. — 
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This restriction causes trouble when the below 
equation is satisfied. When the total horizontal dot 
is 900 dots wide, and the period between negated 
BLANK to asserted HS YNC is 'h’ dots, 
4x[(h-2)/4T]=9xM+A 
(T: revaluation, M and A: integer) 
The 'A' which causes trouble depends on the dot 
ajust as below. 


Table 20 Display Period + Horizontal Front Porch 





| Dot Adjust 
Condition Symbol item —2 -1 +0 +1 #42 +3 «+4 «45 +=«=+6 
VGA mode h Monochrome 743to746dots NG ok ok ok ok NG ok ok ok 
sete Oe OS 747 to 750dots NG ok ok ok NG ok ok ok ok 
“memory 751 to 754dots ok ok ok ok NG ok ok ok NG 
si ae 755 to 758 dots ok ok ok NG ok ok ok ok NG | 
on 640 dots 759 to 762 dots ok ok ok NG ok ok ok NG ok 
panel 763 to 766 dots ok ok NG ok ok ok ok NG ok~ 
64/512/4096 743to764dots ok NG ok ok ok ok NG ok ok 
colors mode = 74719 750 dots ok NG ok ok ok NG ok ok ok 
751to754dots NG ok ok ok ok NG ok ok ok 
755 to 758 dots NG ok ok ok NG ok ok ok ok ~ 
759 to 762 dots ok ok ok ok NG ok ok ok NG 
763 to 766 dots ok ok ok NG ok ok ok ok NG 
NGte: The total horizontal dot must be 900 dots wide. | | 7 
Dot Adjust | 
Parameter Item —2 -1 +0 +1 +2 +3 +4 +5 +6 
A Monochrome or 8/16 1 2 3 4 5 6 7 8 0 
colors mode G 7 8 0 1 2 3 4 5 
64/512/4096 colors 0 1 2 3 4 5 6 7 8 
nece 5 6 7 8 0 1 2 3 4 
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Automatic Judgement of VGA Display | VSYNC, and HSYNC, and the width of BLANK 
Resolution: In VGA mode, HD66850 judges the 


'H' automatically. Please input these signals as 


current display resolution from the polarities of below to judge the correct resolution. 





Table 21 BLANK ‘High’ Level Width | 
Condition © Symbol © VGAModeNo. Horizontal Resolution | BLANK H Width 
VGA modes j ON 360 wide 378 dots 
— 28,7 720 wide 738 dots 
4/5 320 wide 336 dots 
6, F, 10, 11, 12 640 wide 656 dots 
13 (256 col) 320 wide 328 dots 
Table 22 Polarities of HSYNC and VSYNC 
Condition VGA Mode No. © Vertical Resolution HSYNC VSYNC 
VGA mode © F, 10 350 raster high Positive Negative 
0/1, 28, 44, 6, 7, 13 400 raster high Negative Positive 
11, 12 ee 480 raster high. Negative Negative 





Figure 40 BLANK High Level Width 
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Border Area: In VGA mode, there is border area _ indicates just the display area from BLANK input. 
around display area. When the border and display _—_ So, please input the BLANK with the horizontal 
area is scanned, BLANK is ‘high’ level. HD66850 —_— border dot wide and vertical border high raster as 
internally generates the display timing which __ below. 


Table 23 Number of Horizontal Border Dot 


Condition Symbol VGA Mode No. Resolution Border 

VGA mode k 0/1 360 9 dots 
2/3, 7 720 9 dots 
4/5 320 8 dots 
6, F, 10, 11, 12 640 8 dots 
13 (256 col) — 320 4 dots 


Table 24 Number of Vertical Border Raster 


Condition = —- Symbol VGA Mode No. Resolution Border 
VGA mode m F, 10 350 6 rasters 
O/1, 2/3, 45,6,7,13 400 7 rasters 


11, 12 480 8 rasters 


Border Border 


| kDisplay 
BLANK | | 


Figure 41 Number of Horizontal Border Dot 





m 





Border<- < < < < Teli 


Figure 42 Number of Vertical Border Raster 
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When 64 k x 4 bit (256 k) or 128 k x 8 (1M) bit 

memory is attached for buffer memory, please 

satisfy the below relationship about vertical 

. display and border raster. _ 

Powate ] Pl hb haste border ls 512 
display raster “ “raster after display “~ raster 


Usually, the vertical 480 rasters mode (VGA mode 
11, 12) has 6 or 7 border rasters, so this limitation 
will be no problem. 


Table 25 Vertical Display Raster + Vertical Border Raster After Display 


Condition Symbol 
VGA and with memory mode n 


Vertical Display Raster + 


Vertical Border Raster after Display 


512 rasters or less 


fn 
VSYNC eT ee 
Border<- < < 


< |< Display < < < <| border < 


BANK —J UU UUU UYU vu ev ye ey LH 





Figure 43 Vertical Display Raster 
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Asynchronous Mode 


In asynchronous mode, the set data in the 
gradation palette is broken owing to the dot adjust 
during display. To avoid this problem, in MPU and 
ROM programming method, please write '1' to bit 
4 (BM mode) of the border control register (R7), 
and all '0' to bit 3-0 (border color) of R7. The 
register R7 must be '10H'. In pin programming 
method, please adjust display timing with AJ3- 





DOTCLK 


BLANK 
R/G/B 





same edge for DOTCLK 
Border color X Display X Display ) 


Figure 44 Countermeasure in the Pin Programming Method 


AJO pins, and start to display just from left edge 
on an LCD panel without border dot, rfse the 
BLANK input at same DOTCLK edge as change 
of the video data (R/G/B). 

In 8/16 colors mode, this restriction is no problem 
in any mode because HD66850F does not access 
the gradation palette. In 64 / 512 / 4096 colors 
mode, it does not support asynchronous mode. 
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— Period 


In synchronous with-memory mode, DOTCLK 
and ffame period for CRT are same as one for 
LCD. When it displays on a full screen with 
stretching or centering function, HD66850F needs 
to extend the frame period for displaying on LCD. 
If this frame period for LCD were longer than one 
for CRT, HD66850F can not work correctly. 
HD66850F needs 48 dots period for the horizontal 
retrace, and number of the total horizontal dot for 
LCD is number of the horizontal display dot + 48 
dots. This minimum frame period which is 
necessary to display on LCD is shown as below. 


‘Minimum frame _ Ce of horizontal 
period forLCD ~ \display dot 
x Vertical panel size [dots] 


+48) 


The fais period for CRT must be longer than the 
above minimum one for LCD. 

For example, when HD66850F stretchs CRT 
resolution with 640 x 350 dots to the LCD panel 
with 640 x 480 dots, the minimum frame period 
for LCD is (640 + 48) x 480 = 330, 240 dots. 


On the other hand, when number of the total 
horizontal dot for CRT is 800 dots wide, 330, 
240/800 = 412.8 rasters, so HD66850F needs 413 
or more rasters high as the total vertical raster for 
CRT. | 


In asynchronous mode, HD668S0F separates LCD 
clock (LDOTCK) from CRT clock (DOTCK), and 
the both frame period are different. So, this 
limitation is no problem. 


LCD Alternating Signal M 


When LCD alternating signal M is changed at 
same line in each frame, brightness of the line 
_ differs from one of another line. To avoid this 
problem, the signal M is ususally controlled to 


Change at different line in. n each frame. But period 


of the signal M may synchronize with the frame 
period according to the total vertical raster. In this 
case, adjust period of the M, and don't synchronize 
them. 


Especially, it is easy to synchronize them in VGA 
720 x 400 dots mode. For example, when it 
displays 720 x 400 dots in synchronous with- 
memory mode, usaually number of the total 


_horizontal dot for CRT is 900 dots wide, and 


number of the total vertical raster is 448 rasters 
high, so the frame period for CRT is 900 x 448 = 
403,200 [dots]. On the other hand, number of the 
total horizontal dot for LCD is 720 + 48 = 768 
dots wide, and the frame period (403,200 dots) 
divided by a total horizontal dot for LCD (766 
dots) is 512 which is interger. So, when line 
number of period of the M equals to the following 


- divisor of 512: 


[1, 3, 5, 7, 15, 21, 25, 35, 75, 105, 175] (lines), 


period of the M synchronizes with the frame 


period, and a horizontal bright line is appeared 


when the M is changed. 
Vertical Centering 


Number of vertical centering line depends on ‘the 
value in register (R5) + 1' in non-VGA mode, or 
on the VSIZE pin and display resolution in VGA 
mode. But when ‘0' is written in the register (R5) 
and the vertical centering is enabled, HD66850F 


can not works correctly. Don't set '0' in the register 


(R5). And when number of vertical display raster 
is same as the vertical panel size (VSIZE), the . 
vertical centering enable bit (bit 3 in RO) must be 
cleared. Especially in VGA mode, please update 
the enable bit according to selected VGA display 
mode. 

When stretching function is selected, there is no 
restriction about setting '0' in the stretching 
registers (R8, R9, R10). 
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Table 26 Notes on VGA Mode Usage by LCD Panel Size | 


Horizontal Vertical 
Size (dots) Size (lines) Notes 


640 — ¢ In VGA text modes (0/1, 2/3, 7), there is no space between characters. 
720 — ¢ In VGA graphic modes (4/5, 6, F, 10, 11, 12, 13), horizontal centering is 


necessary. (Display is automatically centered horizontally in with- 
memory mode. See note below.) 


— 400 ¢ Data on line 401 through line 480 in VGA 640-by-480 graphic modes 
(11, 12) are not displayed. 


¢ Vertical centering or stretching is necessary for VGA 640-by-350 graphic 
modes (F, 10). (Display is automatically stretched in with-memory mode. 
See note below.) 


— 480 ¢ Vertical centering or stretching is necessary for VGA text modes 
(0/1, 2/3, 7). (Display is automatically stretched in with-memory mode. 
See note below.) 


¢ Vertical centering or stretching is necessary for VGA 640-by-200 or 
320-by-200 graphic modes (4/5, 6, 13). (Display is automatically 
stretched in with-memory mode. See note below.) 

¢ Vertical centering or stretching is necessary for VGA 640-by-350 graphic 


modes (F, 10). (Display is automatically stretched in with-memory mode. 
See note below.) 


Note: For without-memory mode, external circuits or BIOS tuning are required. 
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Table 27 Notes on Internal Register Settings | 


764 


Register 
No. 
RO 
RO 
Ro 
RO 
Ro 
R1 
R1 
R2 
R3-R4 
RS 
R6 
R7 
R7 
R8 
R9—-R10 
R11 
R11 
R12, 
R1i3-R14 
Notes: 1. 
2. 
3. 
4 
5. 
6 
ie 
8. 
9, 
10. 
11. 


| oe Notes 
Bits _.._ Register or Bit Function VGA ___—iNon-VGA 
STE | Stretching enable } 1 1 
CRE | Vertical centering enable _ 2 2 
CCE _ Horizontal centering enable 3 4 
SP | _ Double-width display set 5 4 
DISPON Display on | 6 6 
DOTE Dot clock phase select 4 4 
AJ3—-AJO _. Display timing adjust 4 4 
DH6—DHO - Display horizontal size set 7 4 
DV8—DVO - Display vertical size set 8 4 
CR7—CRO Centering raster set 8 4 
CC4-CCO Centering character set 3 4 
BM Border control mode select 9 9 
BCI, BCR, BCG, BCB __ Border color select 10 10 
SF3-SFO Stretching period 8 4 
$115-SI0 Stretching index set | | es = 
PS1—PSO : Gradation display palette select 11 11 
PA3—PAO Gradation display palette address set 
PD5-PDO Gradation level palette data set 
GC8-GCO Gradation display clock period set | 7 | 12 


Simultaneous use with vertical centering function is impossible. 

Simultaneous use with stretching function is impossible. 

Automatically set for a 640- or 320-dot- wide display on a 720-dot-wide LCD panel; cannot be 
rewritten. 


. Must be set after reset. 


Automatically set for a middle-resolution display; cannot be rewritten. 

Display will turn on four frames after reset. Display will not turn on during four frames after” 
reset. 

Automatically set according to the horizontal panel size and number of displayed horizontal 
dots; cannot be rewritten. 

Automatically set according to the vertical panel size and polarity of HSYNC and VSYNC 


- signals; cannot be rewritten. 


Available only in with-memory mode. 

Available only in asynchronous with-memory mode. 

In the MPU programming method, automatically set for 16-level display after reset; can be 
rewritten 100 ys after reset. In ROM programming method, appropriate data must be written. 


12. In with-memory mode, automatically set according to the horizontal panel size and number of 


displayed horizontal dots; cannot be rewritten. For mmeurmemery mode, appropriate data 
must be written after reset. 
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Table 28 Limits on Register Values 


Register Function Appliedto Limits 


Horizontal display R2 4<Nchd < (R2 + 1)< 90 (HSIZE = 1) 
size control 4s Nchd s (R2 + 1) < 80 (HSIZE = 0) 
Vertical display R3, R4 4< Nevd < (R3, R4 + 1) < 512 

size control 


Vertical centering R3, R4, R5 2 < (R5 + 1) < 256 
(R5 + 1) x 2 + Nevd = (R3, R4 + 1) 


Horizontal centering R2, R6 2s (R6 + 1) < 32 
(R6 + 1) x 2 + Nchd = (R2 +1) 
Gradation display R13, R14 (R13, R14 + 1) = (Ncht x 8)/n (MMODE1 = 1) 
clock period control n: 2 for 1/2 pulse width gradation display 
(R2 + 1) + 8 < Ncht (NMODE1 = 0) 
Miscellaneous R2, R3, R4 V2tpotcik < {(R + 1) + 6} x 8x 
(R3, R4 + 1) x frum 2fpoteik 
(SYNC = 0) 
Neht: Total number of characters on a CRT horizontal line 
(total number of dots on a CRT horizontal line x 1/8) 
Nchd: Number of characters displayed on a CRT horizontal line 


| (number of dots displayed on a CRT horizontal line x 1/8) 
Ncvd: §§ Number of lines displayed from screen =P to bottom on the CRT display 
f tpotck: LCD dot clock frequency 
fpotc.k: CORT dot clock frequency 
feLe: Frame frequency 


Absolute Maximum Ratings 


Item Symbol Ratings. Unit 





Power supply voltage Voc -0.3t0 7.0 — V 
Input voltage Vin -0.3 to Voc + 0.3 V 
Operating temperature Topr —20 to +75 °C 
Storage temperature T stg -55 to +125 °C 


Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. 
Normal operation should be under recommended operating conditions (Voc = 5.0 + 10%, 
GND = OV, Ta = —20°C to +75°C. (If these conditions are exceeded, LSI reliability may be 
affected. 
2. All voltages are referenced to GND = 0 V. 
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Electrical Characteristics © 


DC Characteristics (Vcc = 5.0 V+ 10%, GND = 0 V, Ta = -20 to +75°C, unless otherwise specified) 


Item Symbol Min _ Max | Unit Test Condition 


Input high- RES pin Vin Vec -05 — V 
ove DOTE/RD/AS, SP/WRVA4 2.2 = V 
voltage A ae GIN SAE NN | 

_ Other input pins“ 2.0 — V 
Input low-level | Vit —_ 0.8 V 
voltage 
Output high- ‘TTL interface pins*2 Vou 2.4 — V low = ~200 LA 
level voltage CMOS interface pins’s Veco 0.8 — V low = -200 pA 
Output low- —- TTL interface pins 2 Vo. _ 0.4 V lo, = 1.6mA 
level voltage = GOs interface pins’3 ~ 08 Vs Ig, = 200A 
Input leakage current AL ~-2.5 +2.5 pA 
Three-state leakage current hs- —10.0 10.0 pA 


Current consumption | lec — 100 mA Output pins open 


Notes: 1. Other input pins: DOTCLK, HSYNC, VSYNC, BLANK, MSO-MS15, LDOTCK, DO-D7, 
AJ3/CS/A3, AJ2/RS/A2, AJ1/A1, AJO/AO, RO-R3, GO-G3, BO-B3, PMODE1, PMODEo, 
LMODE0-LMODE4, MMODE1, MMODEO, SYNC, VMODE, VSIZE, HSIZE, TEST1, TESTO 

2. TTL interface output pins: DO-D7, DOTE/RD/A5, SP/WR/A4, AJ3/CS/A3, AJ2/RS/A2, AJ1/A1, 
AJO/AO, MDO—MD15, MAO-MA7, MA8/SOE1, SOEO, WE, DT/OE, RAS1, RASO, CAS, CASL, 

:.* SC 
3. CMOS interface output pins: UD0-UD7, LDO-LD7, XCL1, YCL1, CL2, FLM, M, SCLK, DISPON, 


DATAE 
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AC Characteristics (Vcc = 5.0 V + 10%, GND = 0 V, Ta = -20 to +75°C, unless otherwise specified) 














Video interface 

No. item Symbol Min Max Unit Reference 
1 DOTCLK cycle time Tevep 31.2 62.5 ns Figure 45 
2 DOTCLK low-level pulse width two 15 — ns 

3° DOTCLK high-level pulse width — two 15 — ns 

4 DOTCLK rise time to, — —§ ns 

5 DOTCLK fall time tor — 5 ns 

6 Video data setup time typos 10 — ns 

7 Video data hold time tvDH 10 _— ns 

8 BLANK setup time tais 10 — _ns 

9 BLANK hold time teLH 10 =#—  . As 

10 BLANK low-level pulse width taiw 12 — ys 

11 BLANK phase shift ta_pp 2Tc _ ns 

12 Phase shift setup time tpps 2Tc _ ns 

13 Phase shift hold time tppoH 2 Tc _ ns 


Te: DOTCLK cycle time — 
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Figure 45 Video Interface 
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Memory interface 

No. item Symbol Min Max Unit Reference 
14 RAS cycle time tac 121Ic-10 — ns Figure 46 
15 _ RAS low-level pulse width tras 5Tc 128Tc-20 ns 

16 _ RAS high-level pulse width - tap 4Tc — 40 — ns 

17. CAS hold time | tes 6Tc — 50 —_— ns 

18 RAS, CAS delay time taco  #§ 3Ic-40 — ns 

19 CAS low-level pulse width toass 3Tc — 35 _ ns 

20 _CASL low-level pulse width tcaso 2T1c — 30 _ ns 

21 CAS high-level pulse width top 1Te - 20 — ns 

22 —_ CASL high-level pulse width topo 21-20 — ns 

23 CAS cycle time tpc 41c — 20 — ns 

24 RAS hold time | | tas 4Tc — 40 — ns 

25 ~—_ Row address setup time tasr — 2Tc —- 50 — ns 

26 Row address hold time tRAH 2Tc ~ 30 — ns 

27 Column address setup time tasc 1Te - 30 — ns 

28 Column address holdtime toaH 2Tc — 40 — ns 

29  WeEsetuptime , tws 2T1c — 50 —_ ns 

30  WEholdtime wn °  2%e-40  — ns 

31 Memory data setup time — tips 1te-30 — ons 
32 Memory data hold time tMDH 21c — 35 — ns 

33 Data transfer DT/OE setup time tots 2Tc — 50 _ ns Figure 47 
34 Data transfer DT/OE hold time tory 6Tc-50 0 — ns 

35 Phase shift between CAS and topH 2Tc — 40 — ns 

~ DT/OE 
36 Phase shift between CAS and torr 2Tc-50 0 — ns 
DT/OE 

37 CAS setup time tos 2% -50  — ns Figure 48 
38 CAS holdtime tour 6Tc-50 0 — ns 

39 Phase shift between RAS and CAS tape 21-50 — ns 

40 SCcycle time | tsoc 47-10 — ns _—— Figure 49 
41. SC high-level pulse width tsc 27,.-50 — ns 

42 ~— SC low-level pulse width tscp 2T, ~50 —_ ns 

43 Memory data read setup time taps 40 _ ns 

44 Memory data read hold time tRoH 5 — ns 

45 Phase shift between SOE and SC tose 20 — ns 





Tg: DOTCLK cycle time 
T,: LDOTCK cycle time (= Tc for synchronous mode) 
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Figure 47 Memory Interface (data transfer) 


i. 
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SOEO — 1 





Figure 49 Memory Interface (serial read) 
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LCD driver interface 

No. Item 

46 CL2 cycle time 

47  ClL2 high-level pulse width 


48 


49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


T_: LDOTCK cycle time (= Tc for synchronous mode) 


CL2 low-level pulse width 


CL1 high-level pulse width 
LCD data delay time 

CL1 setup time | 

CL1 hold time 

M output delay time 

FLM setup time 

LDOTCK cycle time 


LDOTCK high-level pulse width 
LDOTCK low-level pulse width 
LDOTCK rise time 


LDOTCK fail time 


Symbol 


tweL2 


tWcL2H 


tweLat 


tweLih | 


top 
tscut 
tHeL1 


tom 


tur 
teyeL 
twit 
tWLH 
tee 

tue 


Notes: 1. For display modes 9, 13, 16, 19, and 20 
2. For display modes 1, 5, 10, 11, 14, 15, 17, and 18 
3. For display modes 2, 3, 6, 7, and 12 


4. For display modes 4, and 8 


Min 
2T, — 10°1 


AT, - 10°2 


8T, - 10°3 
16T, - 10°4 
1T, - 40" 
aT, - 40°2 
4T, - 40°3 
ST, - 40°4 
1T, - 40" 
2T, - 40" 
4T, - 40°2 


BT, = 40°4 . 


150 


200 


— 200 


100 
31.2 
15 
15 
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Max 


30 


100 


100 


Unit Reference 
ns Figure 50 


ns 


ns 


ns 
ns 
ns 


ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
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LDOTCK 





_ Figure 50 LCD Driver Interface 





MPU interface 

No. Item Symbol Min Max Unit Reference 
60 RD low-level pulse width twroL 4To _ ns ‘Figure 51 
61 RD high-level pulse width tWRDH 4To . —_ ns 

62 WR low-level pulse width — twwac 4To _ ons 

63 WRhigh-level pulse width twwry 47 e —~ ns 

64 RD input inhibited time tenn 4T¢ — ns 

65 WR input inhibited time twin 4To _ ns 

66 Address setup time tas 0 — ns 

67 ~~ Address hold time ta 0 — ns 

68 Data delay time topr — 100 ns 

69 Data output hold time © tour 10 — ns 

70 Data setup time tosw 0 — ns 

71 Data hold time tonw 0 — As 


To: DOTCLK cycle time 
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Di. ¢ EE Ge 
@ Q 


2.4V 
Cov 


Figure 51 MPU Interface 
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ROM interface 

No. Item | Symbol Min Max Unit Reference 
72 ROM address cycle time tcYca 16T.-20 — ns Figure 52 
73 ROM data setup time tpswo 150 —_ ns 

74 ROM data hold time | tpHwp 10 — ns 


To: DOTCLK cycle time 





Figure 52 ROM Interface 


RES timing 
No. Item | Symbol  . Min Max Unit Reference 


75 RES low-level pulse width tres 1 _ ps Figure 53 








Figure 53 Reset Timing 
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Load circuit - 
Pins RR, R Cc Reference 
MAO - MA7, MA8/SOE1, DT/OE, WE, CAS, CASL, 24kQ 11kQ 40pF  Figure54 
RASO, RAS1, SOEO, MDO - MD15, Do — D7, AO/AJO, 

A1/AJ1, A2/RS/AJ2, A3/CS/AJ3, A4/WR/SP, A5/RD/DOTE 

DISPON, DATAE, SCLK, M, FLM, CL2, YCL1, XCL1, = se 40pF Figure 55 
LDO —-LD7, UDO — UD7 


C: 40pF 
R: 11kQ 
RL: 2.4kQ 


All diodes are 
1$2074() 


Applicable MAO0-MA7, MA8/SOE1, DT/OE, WE, CAS, CASL, RASO, RAS1, SOEO, MDO-MD15, 
‘pins: D0-D7, AO/AJO, A1/AJ1, A2/RS/AJ2, A3/CS/AJ3, A4/WRYSP, A5/RD/DOTE 





a 


Figure 54 TTL Load Circuit 


Applicable pins: DISPON, DATAE, SCLK, M, FLM, CL2, YCL1, XCL1, LDO -LD7, UDO —- UD7 





Figure 55 Capacitive Load Circuit 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 


Section Six 


Segment Type 
_ LCD Controller/Driver 
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HD61602/HD61603 
(Segment Type LCD Driver) 


Descripition 


The HD61602 and the HD61603 are liquid 

- crystal display driver LSIs with a TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 


The HD61602 incorporates the power supply 
circuit for the liquid crystal display driver. 
Using the software-controlled liquid crystal 
driving method, several types of liquid crys- 
tals can be connected according to the 
applications. 


The HD61603 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 


Versatile segment driving capacity 


Features 


Wide-range operating voltage 

—Operates in a wide range of supply 
voltage: 2.2 V to 5.5 V 7 

—Compatible with TTL interface at 4.5 V 
to 5.5 V 

Low current consumption 


-—Can run from a battery power supply 


(100 «A max. at 5 V) 

—Standby input enables standby opera- 
tion at lower current consumption (5 
uA max. on 5 V) 


Internal power supply circuit for liquid 


crystal display driver (HD61602) 

—Internal power supply circuit for liquid 
crystal display driver facilitates the 
connection to a microprocessor system 


| | Display Frame Freq. (Hz) 
‘Type No. Driving Method Segments Example of Use at fose = 100 kHz Package 
HD61602 Static S51 8 Segments x Sdigits ++ 3marks 33 BIN 
1/2 bias 1/2 duty 102 8 segments x 12 digits + 6 marks 65 OFP 
1/3 bias 1/3 duty 153 9 segments x 17 digits 208 (FP-80 A) 
Pt T/A Oty 208 __B seaments x 26 digits + 4 marks 223 ___.__ FF 80 
~ HD61603 Static . | 64 8 segments x 8 digits 33 80-pin 
: Plastic 
FP 
(FP-80) 


Ordering Information 


Type No. Package 

HD61602R 80-pin plastic QFP (FP-80) 
HD61602RH = 80-pin plastic OFP (FP-80A) 
HD61602TF 80-pin thin plastic QFP (TFP-80)* 
HD61603R 80-pin plastic QFP (FP-80) 


* Under development 
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HD61602/HD61603 


Pin Arrangement (Top View) 
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art | SEG30 
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WE so]_}SEGi6 
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SB 571 | SEGis 
D7 s6f_ | SEGi9 
De 55{_ | SEG20 
Ds 54] _ | SEGa1 
Ds s3{_} SEG22 
Vss s2f_] SEGa3 
D3 5if_ | SEG24 
D2 60] _}| SEG25 
D; 4of_ | SEGo8 
Do 48{_| SEGo7 
Vreri{_]14 47{_] SEG2s 
Varero[__]1s 46f_}| SEG29 
VCo [ }i8 451 _| SEG30 





V3 41f | SEG34 
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SSSSOGSSSESAEISEESES 
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(FP-80A) 
(Top View) 
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- HD61602/HD61603 
Block Diagram 


HD61602 


LCD driving 
timing 


generator ite Ly, Common output 
driver (4 lines) 
‘ming 
ii Seg Segment output 


[| driver (51 lines) 


LCD driving Driving 


voltage acdsee es ee 
generator selection 


HD61603 


LCD driving — 
timing 
generator 


ae | 
RAM write 
— controller a timing generator =] 
- on owe a 
data RAM ey 





Absolute Maximum Ratings 





item | Symbol Limit | Unit 
Power supply voltage * Vop, Vi, V2, V3 0.3 to + 7.0 V 
Terminal voltage * | Vr 0.3 to Vpp — 0.3 V 
Operating temperature Topr | e. ¢ —20 to +75 “¢ 
Storage temperature : - Tstg | —55 to +125 C 


* Value referenced to Vss = O V. | | | 

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal poperenon: Use 
beyond these conditions will cause malfunction and poor reliability. 
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HD61602/HD61603 
Recommended Operating Conditions 
Limit 

item Symbol Min Typ Max Unit 
Power supply voltage . Vpp 22 _ 5.5 V 

Vi, V2, V3 0 - Vop V 
Terminal voltage * Mr ) - Vop V 
Operating temperature Topr -—20 - 75 °C 





* Value referenced to Vss = O V. 


Electrical Characteristics 
DC Characteristics (1) 
_ (Vss = 0 V, Von = 4.5 to 5.5 V, Ta = —20 to +75°C, unless otherwise noted) 


. Limit 
Item Symbol Min Typ Max Unit Test Condition 
Input high voltage OSC; Vint 0.8Vpp — Vpo V 
Others Vin2 2.0 es Vop V 
Input low voltage OSC, Vit 0 = 0.2Vpp V 
Others V2 0 a 0.8 V 
Output leakage READY lon = = 5 uA Vo = Vpp ~ | 
current 
Output low . READY VoL = = 0.4 V lo. = 0.4 mA 
voltage | 
Input leakage Input | ho -1.00 - 1.0 uA Vin = O-Vopp 
current —s_—w terminal 
* 1 
Vi lin2 —20 = 20 uA Vin = O-V3 
V2, V3 lw3 -5.0 <= 5.0 uA 
LCD driver voltage COMo—COM3 Vai = _ 0.3 V +id = 3 uA for each 
drop COM, V3 = Vop-3 V 
SEGo—SEGs0 Va2 = - 0.6 V +id = 3 4A for each 
SEG, V3 = Vpo-3 V 
Power supply current lop = —- 100 BA During display* 
Rosc = 360 kO 
lop = — 5 uA At standby 
Internal driving Vi, V2, V3 Vrr = a 0.4 V Vrer2 = Voo—1 V, 
voltage drop Ci-C,4 = 0.3 wf, 


RL = 3 MO 





* Except the transfer operation of display data and bit data. 
*1 Vi, V2: apply only to HD61602. 
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HD61602/HD61603 
DC Characteristics (2) 


(Vss = 0 V, Von = 2.2 to 3.8 V, Ta = —20 to +75°C, unless otherwise noted) 


Limit 
‘Item _ - Symbol Min = Typ Max Unit Test Condition 
| Input high voltage — Vin 0.8Vpp — Vop V 
Input low voltage Vit 0 = 0.1Vpp V 
' Output leakage READY lou. _ - 5 uA Vin = Vopb 
current | 
Output low READY VoL - = 0.1Vpp V lo. = 0.04 mA 
voltage 
Input leakage Input hes -1.0 0O 1.0 uA Vin = O-Vppb 
current terminal . 
7 . 
Vi lii2 20) 20s #kA Vin = O-V3 
V2, V3 hits -~5.0 - 5.0 KA 
LCD driver voltage COMo—-COM3 ~~ Vaz = = 0.3 V _ tid = 3 4A for each 
drop Ae os COM, V3 = Vop—-3 V 
SEGo—SEGs0 Va2 = = 0.6 VV .-~—sOo Id = 3 nA for each 
| SEG, V3 = Voo-3 V 
Power supply current — | Iss = a 50 uA During display * 
, | Rosc = 330 ko 
| | Iss _ = 65 uA At standby 
Internal driving Vi, Vo, V3  Vrr Sree os 0.4 V Vrer2 = Voo—1 V, 
voltage drop — | C:—-Ca = 0.3 uF 
RL=3MQ, | 
Vop = 3-3.8 V 





* Except the transfer operation of display data and bit data. 
*1 V;, V2: apply only to HD61602. | 
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HD61602/HD61603 


AC Characteristics (1) 
(Vss = 0 V, Von = 4.5 to 5.5 V, Ta = —20 to+75°C, unless otherwise noted) 


7 Limit 

item Symbol Min Typ Max Unit Test Condition 
Oscillation frequency OSC Toee 70 100 130 kHz Rose = 360 kQ 
External clock OSC, {ose 70 100 130 kHz 
frequency 
External clock duty OSC, Duty 40 50 60 % 
1/0 signal timing | ts 400 - = ns 

tH 10 = = ns 

tWH 300 = = ns 

tWi 400 = a ns 

twr 400 7 = ns 

to. = ad 1.0 “uS Figure 5 

ten 400 eee = ns 

top1 9.5 = 10.5 Clock For display 

data transfer 
top2 2.5 - 3.5 Clock For bit and mode 
| data transfer 

Input signal rise time and fall time | tt = _ 25 ns 


AC Characteristics (2) 
(Vss = 0 V, Von = 2.2 to 3.8 V, Ta = —20 to+ 75°C, unless otherwise noted) 





Limit . 
item Symbol Min Typ Max Unit Test Condition 
Oscillation frequency OSC2 sy fosc 70 100 130 kHz Rosc= 330 kO 
External clock OSC, fees 70 100 130 kHz 
frequency 
External clock duty OSC; Duty 40 50 60 % 
1/0 signal timing | ts . 1.5 7 - us 
(Vop = 3.0-3.8 V) . tH 1.0 _ = “Ss 

tWH 1.5 = a us 

twe 1.5 = = KS 

to = = 2.0 us Figure 6 

twr 1.5 at _ “us 

ten 2.0 = = us 

top1 9.5 a 10.5 Clock For display 

data transfer 
top2 2.5 ed 3.5 Clock For bit and mode 
_ data transfer 
Input signal rise time and fall time te = a 25 ns 
/ 
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HD61602/HD61603 





Figure 1 Write Timing 
| (RE is fixed at high level, and SYNC at low level) 





Figure 2 Reset/Read Timing 
(CS and SYNC are fixed at low level) 


top:,top2 





Figure 3 READY Timing 
(When the READY output is always available) 
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HD61602/HD61603 


Within 


1 clock 





Figure 4 SYNC Timing 


Measurement 
terminal 
(READY) 


Measurement 
terminal 
(READY) 





Figure 5 Bus Timing Load Circuit Figure 6 Bus Timing Load Circuit 
(LS-TTL Load) | (CMOS Load) 
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‘HD61602/HD61603 


Terminal Functions 
HD61602 Terminal Functions | 








Terminal No. of | Connected | 

Name Lines Input/Output to Function 

Vop 4 | Power supply | Positive power supply. 

READY 4 NMOS open MCU While data is being set in the display data RAM and 

drain output | mode setting latch in the LSI after data transfer, low 
is output from the READY terminal to inhibit the 
next data input. 
There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 
cs 1 Input MCU Chip select input. Data can be written only when 
this terminal is low. 

WE 1 Input MCU Write enable input. Input. data of DO to b7i is lat- 

| : ched at the rising edge of WE. 

RE | 1 Input MCU Resets the input data byte counter. After both CS 
and RE are low, the first data is recognized as the 
1st byte data. 

SB | 1 Input MCU High level input stops LSI operations. 

| 1. Stops oscillation and clock input. 
2. Stops LCD driver. 
| _ 3. Stops writing data into display RAM. 

Do-D7 8 Input MCU Data input terminal for 8-bit x 2-byte data. 

Vss 7 ae Power supply Negative power supply.. 

VREF1 1 Output External Reference voltage output. Generates LCD driving 

| R _ voltage. 

Vrer2 1 Input External Divides the reference voltage of Veer: with external 

R R to determine LCD driving voltage. Vrer2 = V1. 

Ve1, Ve2 2 Output | External Connection terminals for boosting C of LCD driving 

C voltage generator. An external C is connected 
between Vc1 and Vc2. 

Vi, V2, V3 3 | Output External LCD driving voltage outputs. An external C is con- 

(Input) C nected to each terminal. 

COMo-COM3 4 Output LCD LCD common (backplate) driving output. 

SEGo-SEGs0 51 Output LCD LCD segment driving output. 

SYNC 1 Input MCU Synchronous input for 2 or more chips applica- 

: tions. LCD driver timing circuit is reset by high 
input. LCD is off. . 
OSC, 2 input External Attach external R to these terminals for oscillation. 
OSC2 Output -R ~ An external clock (100 kHz) can be input to OSC1.- 





Note: Logic polarity is positive. 1 = high = active. 
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HD61602/HD61603 





HD61603 Terminal Functions 


Terminal No. of Connected 

Name Lines Input/Output to Function 

Vop 1 Power supply Positive power supply. 

READY 1 NMOS open MCU While data is being set in the display data RAM and 
drain output mode setting latch in the LS! after data transfer, low 


is output from the READY terminal to inhibit the 
next data input. 

There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 


cs 4 Input MCU Chip select input. Data can be written only when 
this terminal is low. | 

WE 1, Input MCU Write enable input. Input data of Do to D3 is latched 
at the rising edge of WE. 

RE 1 Input MCU Reset the input data byte counter. After both of CS 


and RE are low, the first data is recognized as the 
1st byte data. 


SB 4 Input MCU High level input stops the LSI operations. | 
| , | | 1. Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 


Do—D3 4 - Input MCU Data input terminal from where 4-bit x 4 data are 
input. ; 

Vss | 1 Power supply Negative power supply. 

V3 1 Input Power Power supply input for LCD drive. Voltage between 

, supply Vop and V3 is used as driving voltage. 
COMo 1 Output LCD LCD common (backplate) driving output. 
SEGo-SEG63 64 Output LCD . LCD segment driving output. 
SYNC 1 Input MCU Synchronous input for 2 or more chips applica- 


tions. LCD driver timing circuit is reset by high 
input. LCD is off. 


OSC, 2 Input External Attach external R to these terminals for oscillation. 
OSC2 Output R An external clock (100 kHz) can be input to OSC). 


Note: Logic polarity is positive. 1 = high = active. . 
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HD61602/HD61603 __ 
Display RAM 


HD61602 Display RAM : | driving timing to display on the LCD. One bit 

| of the RAM corresponds to 1 segment of the 
The HD61602 has an internal display RAM LCD. Note that some bits of the RAM cannot 
shown in figure 7. Display data is stored in be displayed depending on LCD driving 
the RAM, or is read according to the LCD mode. | 


Common address 
(COMyp—COM3) 


Display RAM 


51 bits 
Segment address (SEGo—SEGs0) 





Figure 7 Display RAM 
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Reading Data from Display RAM: A dis- 
play RAM segment address corresponds to a 
segment output. The data at segment 
address SEGn is output to segment output 
SEGn terminal. 


A common address corresponds to the output 
timing of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 


LCD connection 


em 
fom ZL 


HD61602/HD61603 


is reproduced on the LCD panel. 

When a 7-segment type LCD driver is con- 
nected, for example, the correspondence 
between the display RAM and the display 
pattern in each mode is as follows: 


1. Static drive 
In the static drive, only the column of 


COM) of display RAM is output. COM: to 
COMs3 are not displayed. 


Display RAM 


PAvAV aA Aa 
BAVA AAA 


Ea ae ae ae 
ie cae eee ee ee 


SEGg 





2. 1/2 duty cycle drive 


In the 1/2 duty cycle drive, the columns of 


LCD connection 


SEG, 





3. 1/3 duty cycle drive ~ 


In the 1/3 duty cycle drive, the columns of 
COM to COM2 are output in time sharing. 
No column of COMs3 is displayed. 


SEGg 


SEGio SEG,, SEG12 SEG;3; SEG, SEGis 


a) 


COM) and COM; of display RAM are out- 
put in time sharing. The columns of COM2 
and COMs3 are not displayed. 


Display RAM 


SEG5; SEG» SEGg SEG g 


SEG, 


“Y” cannot be rewritten by display data 
(input on an 8-segment basis). Please use 
bit manipulation to turn on/off the dis- 
play of “Y”. 
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HD61602/HD61603 





LCD connection 


Display RAM 


SEG3; SEG, SEGs SEG» 





4. 1/4 duty cycle drive 


In the 1/4 duty cycle drive, all the col- 
umns of COM» to COMs3 are displayed. 


LCD connection ) | 
Display RAM 


SEG2 SEG3 SEG, 
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Writing Data into Display RAM: Data is 
written into the display RAM in the following 
five methods: 

1. Bit manipulation 
Data is written into any bit of RAM ona 
bit basis. 

2. Static display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 

3. 1/2 duty cycle display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/2 duty cycle drive. 

4. 1/3 duty cycle display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/3 duty cycle drive. 

5. 1/4 duty cycle display mode 


(1) Static (2) 1/2 duty cycle 


display 
COMoCOM.,COM2 COM,COM,COM2 
SEGo / SEG ae 
SEG, SEG, 
SEG2 SEG? 
SEG3 SEG3 
SEG, SEG, 
SEGs 2 SEGs 
SEGe } SEGe 
SEG, SEG, 
SEGs SEGs 
SEGoy SEG» 
SEGio 
SEG), 
SEG12 
SEG 13 
SEGi4 
SEGis 
SEGi¢ 
SEGi7 Ia 
SEGis 


AdO 


Ad1 


SEGso Ac 


SEGso| Ad12 Y 


Figure 8 Allocation of Digit (HD61602) 
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8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/4 duty cycle drive. 


The RAM area and the alocation of the seg- 
ment data for 1-digit display depend on the 
driving methods as described in “Reading 
Data from Display RAM”. 


8-bit data is written on a digit basis corre- 
sponding to the above duty cycle driving 
methods. The digits are allocated as shown 
figure 8 (allocation of digits). As the data can 


_ be transferred on a digit basis from a micro- 


processor, transfer efficiency is improved by 
allocating the LCD pattern according to the 
allocation of each bit data of the digit in the 
data RAM. 

Figure 8 shows the digit address (displayed 


(3) 1/3 duty cycle (4) 1/4 duty cycle 
display display 


COM ,COM,COM2COM3 


RES 


SSS 








HD61602/HD61603 


as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 
Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 


However, when the digit address is Ad6 for 
static, Ad12 for 1/2 duty cycle, or Ad25 for 1/ 
4 duty cycle, display RAM does not have 
enough bits for the data. 


Thus the extra bits of the input 8-bit data are 
ignored. 


In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits) and a common address 
(2 bits) should be specified. 


HD61603 Display RAM 


The HD61603 has an internal display RAM an 
shown in figure 10. Display data is stored in: 
the RAM and output to the segment output 
terminal. 





(1) Static display (2) 1/2 duty display (3) 1/3 duty display 


COMo COM> COM, 


SEGa, 
SEGan+ Vy 
SEGan+2 


SEGan+3 


COM, COM; COM2 


(4) 1/4 duty display 


COM, COM,COM; COM, 


64 bits 


Segment address (SEGo—SEGe¢3) 





Figure 10 Display RAM (HD61603) 
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Reading Data from Display RAM: Each 
bit of the display RAM corresponds to an LCD 
segment. The data at segment address SEGn 
is output to segment output SEGn terminal. 
Figure 11 shows an example of the corre- 
spondence between the display RAM bit and 
the display pattern when a 7-segment type 
LCD is connected. 


Writing Data into Display RAM: Data is 
written into the display RAM in the following 
two methods: 
1. Bit manipulation 

Data is written into any bit of RAM ona 


LCD connection 


HD61602/HD61603 


bit basis. 

2. Static display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 


The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 


Display RAM 


oe Al od ee 





SEGg SEGg SEGi9 SEG), SEGy2 SEG,3 SEG;, SEG15 SEGi¢ 


Figure 11 Example of aaa between Display RAM Bit and Display Pattern 


arene 
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In bit manipulation, any one bit of display red on a bit basis, 1-bit display data and a 
RAM can be written. When data is transfer- segment address (6 bits) should be specified. 


©) 
wiO 
ais 

cS) 


SEGen 


SEGsn+1 


SEGgn+2 
SEGgn+3 
SEGen+4 
SEGan+5 
SEGsn+6 


SEGen+7 





Figure 12 Allocation of Digits : Figure 13 Bit Assignment in an Adn 
| (HD61603) (HD61603) 
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OPERATING MODES 


HD61602 Operating Modes 
The HD61602 has the following operating 
modes: 


3 


LCD drive mode 

Determines the LCD driving method. 

a. Static drive mode 
LCD is driven statically. 

b. 1/2 duty cycle drive mode 
LCD is driven at 1/2 duty cycle and 1/ 
2 bias. 

c. 1/3 duty cycle drive mode 


LCD is driven at 1/3 duty cycle and 1/ — 


3 bias. 
d. 1/4 duty cycle drive mode 


LCD is driven at 1/4 duty cycle and 1/ 


3 bias. 


HD61602/HD61603 


drive. 
b. 1/2 duty cycle display mode 
8-bit data is written into the display 
RAM according to the digit in 1/2 
duty cycle drive. 
c. 1/3 duty cycle display mode 
8-bit data is written into the display 
RAM according to the digit in 1/3 
duty cycle drive. 
d. 1/4 duty cycle display mode 
8-bit data is written into the display 
RAM according to the digit in 1/4 
duty cycle drive. 


READY output mode 
Determines the READY output timing. 
After a data set is transferred, the data is 


2. Data display mode | processed internally. The next data can- 
Determines how to write display data not be acknowledged during the proces- 
into the data RAM. sing period. The READY output reports 
a. Static display mode the period to the MPU. The timing when 

8-bit data is written into the display the READY is output can be selected from 
RAM according to the digit in static the following two modes: 
a. READY is mode always available. 


READY : , 
| 


Data transfer + Input inhibit +! 
1 


period period 


| 
Lo — Next data |. 
1 transfer 





b. READY is mode available by CS and 





Data transfer eo ene os wm ears oe Input inhibit ———————e | _ Next data 


period period transfer — 





-4, LCD OFF mode 
In this mode, the HD61602 stops driving 
LCD and turns it off. 


5. External driving voltage mode 
A mode for using external driving voltage 
(Vi, V2, and V3). 
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The above 5 modes are specified by mode tion. Bit manipulation is independent of data 
setting data. The modes are independent of display mode and can be used regardless of it. 
each other and can be used in any combina- 





HD61603 Operating Modes 


The HD61603 has the following modes: not be acknowledged during the proces- 

1. READY output mode | sing period. The READY output reports 
Determines the READY output timing. the period to the MPU. The timing when 
After a data set is transferred, the data is READY is output can be selected from the 
processed internally. The next data can- following two modes: 


a. READY is always available. 


és ee entni 
We NDR 


READY ra: a aes ee foe eee 
ae ot 
Data transfer ————e-}xe-——__________ input inhibit ————_——_—__—_——-»4 juus—- Next data 


period | period transfer 





b. READY is mode available by CS and 


READY 


a | 1 
Data transfer ———>}—___—__—__———- Input inhibit ————————__» =~ Next data 
Pet period | transfer 





2. LCD OFF mode 
In this mode, the HD61603 stops dicie: 
the LCD and turns it off. 
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INPUT DATA FORMATS 


HD61602 Input Data Formats 

Input data is composed of 8 bits x 2. Input 
them as 2-byte data after READY output 
changes from_low to high or low pulse is 
entered into RE terminal. 


1. Display data (Updates display on an 8- 
segment basis) 


1st byte 


| 2 | 


x Display address 
(Digit address Adn) _ 


6 5 4 3 2 1 0 


2nd byte 


Display data 


6 5 4 3 2 1 0 


a. Display address: Digit address Adn in 


b. Display data: 


2. Bit manipulation data (Updates display 
on a segment basis) : 


accordance with 
display mode 
Pattern data that is 
written into the 
display RAM 
according to display 
mode and the 
address | 


1st byte 


DispI COM 
pods fey x [| | cas 
7 6 5 4 3 2 


1 0 


nN 
a 
on 
3 


SEG address 
7 6 | 


a. 


5 4 3 2 1 0 

Data that is written 
into 1 bit of the 
specified display 


Display data: 


| RAM 
b. COM address: Common address of 
display RAM 
c. SEG address: Segment address of 
display RAM 


HD61602/HD61603 


Mode setting data 


lst byte 


External 
power 
supply 


b To [o ele 
7 6 5 4 3 2 1 = O 


2nd byte 





BEE sco 
7° 6 5 4 3 2 1 ~~ «0 





a. Display mode bits: 


00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 
OFF/ON bit: 
1: LCD off (set to 1 when SYNC is 
entered.) | 
0: LCD on 
Drive mode bits: 
00: Static drive 
01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 
READY bit: | 
0: READY bus mode; READY out- 
puts 0 only while CS and RE are 
0. (reset to 0 when SYNC is 
entered.) 
1: READY port mode; READY 
outputs 0 regardless of CS and 
RE. 
External power supply bit: 
0: Driving voltage is generated 
internally. : 
1: Driving voltage is supplied 
externally. (set to 1 when SYNC 
is entered.) 


1-byte instruction 


1st 


7 


ORs et 
6 5 4 3 2 1 


byte 


x 
0 


The first data (first byte) is ignored when | 


bit 


6 and bit 7 in the byte are 1. 
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HD61603 Input Data Formats 


Input data is composed of 4 bits x: 4. Input 
them as four 4-bit data after READY output 
changes from_low to high or low pulse is 


entered into RE terminal. 


1. 


2. Bit manipulation data (Updates display 


Display data (Updates display on an 8- 


segment basis.) 
1st byte 


3 2 #1 +0 


3rd byte 


Papi we & ae 
on 6 


2nd byte 
x Display address | 
(Digit address Adn) 
3 2 1 0 


4th byte 


me 6 rie 
me 6 2 


a. Display address: Digit address Adn 


b. Display data: 


shown in figure 12. 


Pattern data that is | 


written into the 
display RAM as 
shown in figure 13. 


on a segment basis.) 


Ist byte | 
Disp! 
ae ae 


3rd byte 


| xe address 
Bit5, 4 


798 


3 2 1 O 
a. Display data: 


b. SEG address: 


2nd byte 


4th byte 
SEG address 
Bit3, 2 1 O 
3 2 1 '@) 


| Data that is written 


into 1 bit of the 
specified display 
RAM. 

Segment address of 


display RAM (seg- 


ment output). 





3. Mode setting data | 
2nd byte 


1st ne | | | 
3rd byte 4th byte 


Bao 
3 2 1 0 3 2 1 0 


a. OFF/ON bit: , 
1: LCD off (set to 1 when SYNC is 
entered.) 
0: LCD on 
b. . READY bits: 2 
0: READY bus mode; READY out- 
puts 0 only while CS and RE are 
0. (reset to 0 when SYNC is 
entered.) 
1: READY port mode; READY 
outputs 0 regardless of CS and 
RE. 


4. 1-byte instruction 
1st byte — 
Fee LE 
3 2 1 OQ. 


The first data (4 bits) is ignored when bit 
3 and 2 in the data are 1. 
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How To Input Data 


How to Input HD61602 Data 

Input data is composed of 8 bits <x 2. Take 
care that the data transfer is not interrupted, 
because the first 8-bit data is distinguished 
from the second one by the sequence only. 


If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of bytes (count 
of the first and second bytes): 

1. Set CS and RE inputs low (no display data 


Power on 


HD61602/HD61603 


changes). 

2. Input 2 or more “1-byte instruction” data 
in which bit 7 and 6 are 1 (display data 
may change). 

The data input method via data input termi- 

nals (CS, WE, Do to D7) is similar to that of 

static RAM such as HM6116. An access of the 

LSI can be made through the same bus line as 

ROM and RAM. When output ports of a 

microprocessor are used for an access, refer to 

the timing specifications and figure 14. 


oS Recetas 


WE ¢ *6 


RE/ =o. = ef #4 


READY £.-_ 25, | 


Mode setting data 


eres a, *3 eer Give 
*2 
gee Gy 


Mode setting data Display data 


READY output is indefinite during 12 clocks after the oscillation start 


at power on (clock: OSC, clock). 


High pulse should be applied to SYNC termina! when using two or more 


chips synchronously. 


In the mode in which READY is always available, READY output is 


in definite while SYNC is high. 


Reset the byte counter after power on. 


READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10. 5 clocks when the display data (8 


bits) is updated. 


Connect a pull-up resister if WE or RE may be floating. 
It is not always necessary to follow this example. 





Figure 14 Example of Data Transfer Sequence 
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HD61602/HD61603 


How to Input HD61603 Data 

Input data is composed of 4 bits x 4. Take 
care that data transfer is not interrupted, 
because the first 4-bit data to the fourth 4-bit 
data are distinguished from each other by the 
sequence only. 


If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of data (count 
of the first 4-bit data to the fourth 4-bit data): 


Power on 


READY .._._” 


* 4 


1. Set CS and RE low. 

2. Input 4 or more “1-byte insnaction” data 
(4-bit data) in which bit 3 and 2 are 1 
(display data may change). 

The data input method via data input termi- 

nals (CS, WE, DO to D3) is similar to that of 

static RAM such as HM6116. An access of the 

LSI can be made through the same bus line as 

ROM and RAM. When output ports of a 

microprocessor are used for an access, refer to 

the timing specifications and figure 15. 


3 


SB 


DY Soet  Sreeeeeeee GD rare Cod CD Cz) C.), GD CCD =) EC) END C29’ 


Mode setting data 


Mode setting data 


Display data 


READY output is indefinite during 12 clocks after the oscillation start 


at power on (clock: OSC, clock). 


High pulse should be applied to SYNC terminal when using two or more 


chips synchronously. 


In the mode in which READY is always available, READY output is in- 


definite while SYNC is high. 


Reset the 4-bit data counter after power on. 
READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 


bits) is updated. 


Connect a pull-up resister if WE or RE may be floating. 
It is not always necessary to follow this example. 





Figure 15 Example of Data Transfer Sequence 
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HD61602/HD61603 


Notes on READY Output 


Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inpnptting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled until the completion 
of mode setting. 


There are two kinds of the READY output 
waveforms depending of the modes: 


Power on 


1. READY bus mode (READY bit = 0) 


2. READY port mode (READY bit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
16 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61602 and 
HD61603. 


{ist X_2nd_ 


re READY output is unsettled. 
V/A 


Mode setting data 


(2-byte data) }1.5 clocks (max) 


WZ. 


Mode setting latch is unsettled. 


Power on 


Note : CS = low 


Power on 


(1) READY Bus Mode 


Note : CS = low, RE = high 


(2) READY Port Mode 





Mode setting data are 
latched. 


1.5 clocks (max) 


_ 3.5clocks (max) 


Figure 16 READY Output According to Modes 
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HD61602 /HD61603 


Standby Operation 


Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The eeney state of the LSI is as fol- 
lows: 


1. LCD driver is stopped (LCD is off). 
2. Display data and operating mode are 
held. 


Multichip Operation 


When an LCD is driven with. two or more 
chips, the driving timing of the LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 


A high pulse to the SYNC input changes tie 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See 3. Mode 
Setting Data in “Input Data Formats”.) Trans- 
fer the mode setting data into the LSI after 


3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 

-_within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 


When this mode is not used, connect pin SB to 
Vss. 


every SYNC operation. 


If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 


When SYNC input is not used, connect pin 
SYNC to Vss. 


When SB input is used, after standby mode is 
released, a high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 





Restriction on Usage 


Minimize the noise by inserting a noise by- 
pass capacitor (2 1 uF) between Vpp and 
Vss pins. (Insert one as near chip as possible.) 





Liquid Crystal Dis lay Drive Volt- | 
age Circuit (HD61602) ‘f 


What is LCD Voltage? 


HD61602 drives liquid crystal display using 
four levels of voltages (figure 17); Vpp, Vi, V2, 
and V3 (Vpp is the highest and V3 is the 
lowest). The voltage between Vpp and V3 is 
called Vicp and it is necessary to apply the 
appropriate Vicp according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 
ce it supplies the voltage to the LCD drive 
circuit of HD61602. | 





Figure 17 LCD Output Waveform and 
eee Levels 
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When Internal Drive rowe® Supply 
is Used 


When the internal drive power supply is 
used, attach C,;—C, for charge pump circuits 
and variable resistance R; for deciding dis- 
play drive voltage to HD61602 as shown in 
figure 18. 


Internal voltage is available by setting 
external voltage switching bits of mode set- 
ting data 0. 


Figure 19 shows voltage characteristics 
between Vpp and Vrer:. Voltage is divided at 
Ri, and then input into Vpegre. Voltage 
between Vpp and Vrer2 is equivalent to AV in 


HD61602/HD61603 


figure 19, and so Vicp can be changes by 
regulating the voltage. 


Vrer2 is usually regulated by variable resis- 
tance, but when replacing Ri with two 
nonvariable resistances take Vreri between 
max and min into consideration as shown in 
figure 19. 


Internal drive power supply is generated by 
using capacitance, and so large current can- 
not flow. When large liquid crystal display 
panel is used, examine the external drive 
power supply. 


[Fesuieer | 


Voltage follower — 


R, = 1 MQ Variable 
C,=0.3 uF 
Co—Cy4= 0.3 uF 
C.=0.1 to 0.3uF 
Cea 1 HF 





Charge 


2 X (Vi—Vop) pump 
3x (V1 —Vopp) 


circuit 


HD61602 


Figure 18 Example 
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HD61602/HD61603 


When External Drive owe? Sup- 
ply is Used 


An external power sannly can be used by 
setting external voltage switching bits of 
mode setting data to 1. When a large liquid 
crystal display panel is used, in multichip 
designs, which need accurate liquid crystal 
drive voltage, use the external power supply. 
See figure 20. 


R2—Rs is connected in series between Vpp 


Vop — Vss (V) 


Vop — Vrer1. (V) 


WNH=-OO00N OD 


‘ 
SE tee max 


Voltage Characteristics 


Figure 19 ' 
: between Vpp and Viren 


(1) Static Drive 


(2) 1/2 Duty Cycle Drive 


and Vss, and by these resistance ratio each 
voltage of AV and Vicp is generated and then 
supplied to Vi, V2, and V3. C2—C,4 are smooth- 
ing capacitors. 


When regulating brightness, change the 
resistance value by setting Rs variable resis- 
tance. 





(3) 1/3 and 1/4 Duty Cycle Drive 


Note: 1. When standby mode is used, a transistor is required. 
2. Ro—Rs should be some k2-some tens of k2, and Co—C, should be 0.1 wF—0.3 uF. 





Figure 20 Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD6 603) facet - 


As shown in figure 21, apply LCD drive volt- 
age from the external power supply. 





Oscillation Circuit 
When Internal Oscillation Circuit is Used When External Clock is Used 


When the internal oscillation circuit is used, When an external clock of 100 kHz with 
attach an external resister Rosc as shown in CMOS level is provided, pin OSC; can be used 
figure 22. (Insert Rosc as near chip as possible, for the input pin. In this case, open pin OSC2. 


and make the OSC1 side shorter.) 


Positive power 
supply 


OSC, OSC, | OSC, OSC, 





Multichip operation 





Figure 22 Example of Oscillation Circuit 
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HD61602/HD61603 


Applications 


HD74LS138 














_g t8V i 
| | Do ~D70Sc1 OSC2 
VV 5 : 5 Vaeri 
as | oma he 7 Vner| 
Ss SB y 
Vee +5V Vv HD61602 V; Be 
Vss COMo | V2 
Ver 4 Vv Rig 
. Vez COM3SEGq ~---- SEGs0 Saeko. SEG5q “3 
HD6so9} | +5V : . 
@ . mnie Sie 
. . eh See eee 
aS Sey 
eee p—___—————_) 
Re sh nh oe ee See ag re oN 


Liquid crystal 


Figure 23 Example (1) 





Figure 24 Example (2) 
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HD61604/HD61605 
(Segment Type LCD Driver) 


Description Features 

The HD61604 and the HD61605 are liquid @ Low current consumption 

crystal display driver LSIs with TTL and —Can drive from a battery power supply 
CMOS compatible interface. Each of the LSIs (100 1A max on 5 V). 

can be connected to various mnicroprocers or —Standby input enables a standby oper- 
such as the HMCS6800 series. ation at lower current consumption (5 


: : uA max on 5 V). 
Several types of liquid crystal displays can be 


connected to the HD61604 according to the @ Versatile segment drive capacity 
applications because of the software- 
_ controlled liquid crystal dispay drive method. 


The HD61605 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 


Display Frame Freq (Hz) 
Type No. Drive Method Segments Example of Use at fosc=100 kHz 
HD61604 Static 51 8 segments x 6 digits + 3 marks 98 | 
1/2 bias 1/2 duty cycle 102 8 segments x 12 digits + 6 marks 195 
1/3 bias 1/3 duty cycle 153 9 segments x 17 digits 521 
1/4 duty cycle 204 8 segments < 25 digits + 4 marks 781 
HD61605 Static 64. 8 segments x 8 digits 98 


Pin Arrangement 


HD61604 | HD61605 


N N 
) oO 
7) m7) 
| g 
8 e 





SEGag 
SEGasf{_}29 
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HD61604/HD61605 





Block Diagram 


HD61604 


SYNC 


LCD drive 
timing 
generator 








eam pei uaa output 
READY : (4 lines) 
| “< -——]_ RAM write _ 
ie timing generator 
me Segment mie Segment output 
DoD — Display driver (51 lines) 


data RAM 


Drive 


ey fee 


selection 


HD61605 © 


LCD drive 
timing 
generator 


(64 lines) 


Common 
Ps driver 
Parallel/serial 
converter ) Display Segment 
data RAM [— dri ——> 
Address a . 


Figure 2 HD61605 Block Diagram 
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Pin Functions 


Table 1 shows the HD61604 pin description. 


Table 2 shows the HD61605 pin description. 
HD61604 Pin Function 


READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 


There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write Enable): Write enable input. 
Input data of Dp to D is latched at the positive 
edge of WE. 


- RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the ist byte data. 


SB (Standby): High level input stops the LSI 
operations. 


+ Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 


Do—D,7 (Data Bus): Data input pin from 
which 8-bit < 2-byte data is input. 


SYNC (Synchronous): Synchronous input 
for 2 or more chip applications. LCD drive 
timing generator is reset by high input. LCD 
is off. 


COM. —COM:(Common): LCD common 
(backplate) drive output. 


SEGo—-SEGso (Segment): LCD segment 


- drive output. 


Vi, V2, V3 (LCD Voltage): Power supply for 


LCD drive. 

OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100 kHz) can be input from OSC1. | 

Ve1, Vce2: Do not connect any wire. 


Vreri: Connect this pin to V1 pin. 


Varer2: Hold at Vpp level. 


HD61604/HD61605 


Vpn: Positive power supply. 
Vss: Negative power supply. 
HD61605 Pin Function 


READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 


There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write Enable): Write enable input. 
Input data of Do to D3 is latched at the posi- 


_ tive edge of WE. 


RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the first byte data. 


SB (Standby): High level input stops the LSI 
operations. 


1. Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 


Do— D3: Data input pin from which 4-bit x 4- 
byte data is input. 


SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 


timing generator is reset by high input. LCD 


is off. 


COMb (Common): LCD common (backplate) 
drive output. 


SEGo—SEGes (Segment): LCD segment 
drive output. 


OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100 kHz) can be input from OSC1. 


V3 (LCD Voltage): Power supply input for 
LCD drive. 


Voltage between Vpp and V3 is used as drive 
voltage. 


Vss: Negative power supply. 
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HD61604/HD61605 _ 


Vpn: Positive power supply. 


Table 1 HD61604 Pin Description 


Vss 


No.of 3 

Lines Input/Output 

1 NMOS open 
drain output 

1 input. 

1 Input 

1 - input 

1 Input 

8 input 

1. Input 

4 Output 

51 Output 

3 Power supply 

2 Input, output 

2 Output 

1 Input 

1 Input . 

1 Power supply 

1 Power supply 


Note: Logic polarity is positive. 
1 = high = active. 


Table 2 HD61605 Pin Description 


Connected Pin —s«NNo..off Connected 
to Name Lines Input/Output to 
MCU READY 1 NMOS open MCU 
| _ drain output 
MCU cs 1 Input MCU | 
MCU WE 1 Input MCU 
MCU RE 1 Input MCU 
MCU SB 1 Input MCU 
MCU Do— D3 4 Input MCU 
MCU SYNC 1 Input MCU 
LCD COMo 1 Output LCD 
| SEGo-SEGe3. 64 Output LCD 
LCD OSC1, — 2 input, output External R 
OSC2 
External R V3 1 Input Power 
External R- supply 
Vss 1 Power supply 
Vop 1 Power supply 
bl Note: Logic polarity is positive. 
Vop 1 = high = active. 
HITACHI 
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Display RAM 
HD61604 Display RAM 


The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
the RAM, or is read according to the LCD 
drive timing to display on the LCD. One bit of 
the RAM corresponds to 1 segment of LCD. 
Note that some bits of the RAM cannot be 
displayed depending on LCD drive modes. 


Reading Data from HD61604 Display 
RAM | 

A display RAM segment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 


A common address corresponds to the output 


Common address 
(COM>—COMS) 


HD61604/HD61605 


timings of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 
is reproduced on the LCD panel. 


The following shows the correspondence 
between the 7-segment type LCD connec- 
tion and the display RAM in each mode. 


1. Static Drive: In static drive, only the 
column of COM) of display RAM is output. 
COM; to COMs are not displayed (figure 
4). : 


2. 1/2 Duty Cycle Drive: In the 1/2 duty 
cycle drive, the columns of COMo and 
COM ; of display RAM are output in time 
sharing. The columns of COM2 and 
COMs3z are not displayed (figure 5). 


Display RAM 


51 bits 


Segment address (SEGo—SEGg0) 





Figure 3 Display RAM (HD61604) 


LCD connection 





SEGg SEGg SEG19SEG;1SEG12SEG13SEG14SEGi5 


Figure 4 Example of Correspondence between LCD Connection and Display RAM 


(Static Drive, HD61604) 
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HD61604/HD61605 


3. 1/3 Duty Cycle Drive: In the 1/3 duty 
cycle drive, the columns of COM) to COM 
2 are output in time sharing. No column of 
COMs3 is displayed. “y” cannot be rewrit- 4. 
ten by display data (input on an 8-seg- 
ment basis). Please use bit manipulation 


LCD connection 





in turning on/off the a a of “y” cycle 


(figure 6). 


1/4 Duty Cycle Drive: In the 1/4 duty 
cycle drive, all the columns of COMp to > 
COMs3 are displayed (figure 7). 


Display RAM 


‘SEG, SEGs SEG, SEG, 


Figure 5 Example of Correspondence between LCD Connection and vupiey RAM 


(1/2 Duty he baad HD61604) 


Display RAM | 


SEG, SEG, SEG, 





Figure 6 Example of Correspondence between LCD Connection and Display RAM 


(1/3 Duty Cycle, HD61604) 


Display RAM 


SEG) SEG; 





| Figure 7 Example of Correspondence between LCD Connection and Display RAM 


(1/4 Duty Cycle, HD61604) 
HITACHI 


— B12 en America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 





Writing Data into HD61604 Display RAM 4, 


Data is written into the display RAM in the 
following five methods: 


1. Bit Manipulation: Data is written into 5. 
any bit of RAM on a bit basis. 


2. Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 


HD61604/HD61605 


1/3 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/3 
duty cycle drive. 


1/4 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/4 
duty cycle drive. 


segment type LCD pattern of static drive. The RAM area and the allocation of the seg- 
| ment data for 1-digit display depend on the 
3. 1/2 Duty Cycle Display Mode: 8-bit drive methods as described in the section of 
data is written on a digit basis according “Reading Data from Display RAM”. 


to the 7-segment type LCD pattern of 1/2 


duty cycle drive. | 8-bit data is written on a digit basis corre- 
sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 


(1) Static (2) 1/2DutyCycle (3) 
| . Display 


1/3 Duty Cycle (4) 1/4 Duty Cycle 
Display Display 


COM ,COM,COM2 COMoCOM,COM2 COM ,COM,COM,COM; COM,COM,COM,COM3 


SEGo | // SEGo FA 
SEG; SEG, | 
SEG2 SEG2 

SEG3 SEG3 

SEG, SEG, 

SEGs5 SEGs . 
SEGs SEGe 

SEG? SEG? | 
SEG, SEGs 

SEGg SEG, Aa 

SEG10 SEG 10 

SEGii lA SEGi; 

SEG12 SEG12 

SEGi3 SEG13 

SEGi4 | == 

SEGi5 SEGi5 

SEGi¢ SEGi¢ 


. SEGi7 SEGi7 Ad4 
SEGis SEGig 


“ae 


SEGeo [AdG SEGso| Ad12 





: 
Z 


Figure 8 Allocation of Digits (HD61604) 
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-_ As the data can be transferred on a digit basis 
from a microprocessor, transfer efficiency is 
improved by allocating the LCD pattern 
according to the allocation of each bit data of 
the digit in the data RAM. 


Figure 8 shows the digit address displayed 
as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 


Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 


When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 


However, when the digit address is Ad6 of 


‘static, Ad12 of 1/2 duty cycle, or Ad25 of 1/4 


duty cycle, display RAM does not have 
enough bits for the data. Thus the extra bits 
of the input 8-bit data are ignored. 


In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits)s and a common address 
(2 bits) should be specified. 


HD61605 Display RAM 


The HD61605 has an internal display RAM as 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
pin. | 


(1) Static Display | | (2) 1/2 Duty Display (3) 1/3 Duty Display 


Q 
Oo . 
= 

° 


SEG, | Bit 
SEGsn+1 
SEGan+2 
SEGen+3 
SEGe, +4 
SEGen+5 


SEGsn+6 


SEGgn+7 


~ COM, COM, 
SEG BRT 8. 
SEGan+1 )5 | 4! 
SEGan+2 3] 2 
SEG4n+3 Pee 


(4) 


COM> COM, COM2 
SEGan 


SEGs, +1 


SEGs, +2 





1/4 Duty Display 


COMo COM, COM2 COM; 


won [#6 [5 [+ 
sooo > [2 | 





Figure 9 Bit Assignment in an Adn (HD61604) 


ree 


64 bits 


Segment address (SEGo—SEGe3) 





‘Figure 10 Display RAM (HD61605) 
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Reading Data from HD61605 Display 
RAM 


Each bit of the display RAM corresponds to 
an LCD segment. The data at segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon- 
dence between the 7-segment type LCD 
connection and the display RAM . 


Writing Data into HD61605 Display RAM 


Data is written into the display RAM in the 
following two methods: 


1. Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 


LCD connection 





HD61604/HD61605 


2. Static Display Mode: 8-bit data is writ-. 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 


The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 


In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 


Display RAM 


ios ES Cd 


; SEG, SEGg SEGio0 SEGi; SEG12SEGi3 SEGi14SEGi5 


Figure 11 Example of Correspondence between LCD Connection and Display RAM 


(HD61605) | | 
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SEGen+3 
SEGen+4 
SEGen+5 


SEGen+6 





SEGsn+7 





Figure 12 Allocation of Digits Figure 13 Bit Assignment in an Adn 
(HD61605). (HD 61605) 
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Operating Modes 
HD61604 Operating Modes 


The HD61604 has the following operating 
modes: 


1. LCD Drive Mode: Determines the LCD 
drive method. 


-Static drive mode: LCD is driven 
statically. 


- 1/2 duty cycle drive mode: LCD is driven 
with 1/2 duty cycle and 1/2 bias. 


- 1/3 duty cycle drive mode: LCD is driven 
with 1/3 duty cycle and 1/3 bias. 


- 1/4 duty cycle drive mode: LCD is driven 
with 1/4 duty cycle and 1/3 bias. 


2. Data Display Mode: Determines how to 
write display data into the data RAM. . 


- Static display mode: 8-bit data is writ- 
ten into the display RAM according to 
the digit in static drive. 


HD61604/HD61605 


- 1/2 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/2 duty cycle drive. 


- 1/3 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/3 duty cycle drive. 


- 1/4 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/4 duty cycle display 
drive. | 


3. READY Output Mode: Determines the 
READY output timing. 


After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 


- READY is always available (figure 14). 


- READY is made available by CS and RE 
(figure 15). 


weN SVL CO NL 


| 
en a 


Data transfer meen ae eae a Input inhibit SSS, Lee Next data 
! ! . transfer 


period 





period 


Figure 14 READY Output Timing (When It is Always Available) 





Data transfer amen Se nner Input or ean Oe Next data 


period 





period transfer 


Figure 15 READY Output Timing (When It is Made Available by CS and RE) 
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4. LCD Off Mode: In this mode, the 
HD61604 stops aged the LCD and turns 
it off. 


The above 4 modes are gescitied by mode 
setting data. The modes are independent of 
each other and can be used in any combina- 
tion. The bit manipulation is independent of 
data display mode and can be used regard- 
less of it. 


HD61605 Operating Modes 


The HD61605 has the following operating 
modes: 


1. READY Output Mode: Determines the 
READY output timing. 


After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 


- READY is always available (figure 16). 


- READY is made evalarle by CS and RE 
(figure 17). 


. LCD Off Mode: In this mode, the 


HD61605 stops driving the LCD and turns 
it off. 


i Semmes 
we \SNSY OOOOOOCUN EY 


RR oe et Oe 
| | 


| 
Data transfer ————__>}-2-—__________—_——-|nput inhibit ————________> jua— Next data 


period 





transfer 


Figure 16 READY Output Timing (When It is Always Available) 


l 7 
REI mn pe 
| 


Data transfer ————____—_—_—— Input fiber 


period 





| 
~a~- Next data 
transfer 


Figure 17 READY Output Timing (When It is Made Available by CS and RE.) 
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Input Data Formats 

HD61604 Input Data Formats 3. Mode Setting Data: 

Input data is composed of 8 bits x 2 bytes. 1st byte 

Input them as 2-byte data after READY out- =a 
put changes from low to high or low pulse Life} =| 0} : ergo 
enters into RE pin. bi 


1. Display Data: Updates display on an 8- 
segment basis. 2nd byte 





FF/ON Dis lay 
ak [T=] Felsiie 
[os T=[ Seite, 
a — Adn) 
7 6 5 1 0 - Display mode bits: 
| 00: Static display mode 
2nd byte 01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
- OFF/ON bit: 
7 6 5 4 3 2 1 0 1: LCD off (set to 1 when SYNC is 
entered) 
- Display address: Digit address Adn in 0: LCD on 
accordance with display mode - Drive mode bits: 
- Display data: Pattern data written into 00: Static drive 
the display RAM according to display 01: 1/2 duty cycle drive | 
mode and the address 10: 1/3 duty cycle drive 
| 11: 1/4 duty cycle drive 
2. Bit Manipulation Data: Updates diepiey | -READY bit: 
on a segment basis. 0: READY bus mode: READY outputs 0 
only while CS and RE are 0 (reset to 
1st byte O when SYNC is entered) 


Display -COM 1: READY port mode: READY outputs 
address O regardless of CS and RE 


Note: Input the same data to display mode bits 
and drive mode bits. 
2nd byte 


iaineliags 4. 1-Byte Instruction: The first data (first 
6 5 4 3 2 1 0 byte) is ignored when the bit 6 and bit 7 


s] ox 


in the data are 1. 
a Display data: Data written into 1 bit of 1st byte 


the specified display RAM . 
- COM address: Common address of dis- atta] xf xf xx f xf x 
play RAM 
7 6 5 4 3 2 1 ‘@] 


- SEG address: Segment address of dis- 
play RAM 
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HD61605 Input Data Formats 


Input data is composed of 4 bits < 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. , 


1. 


Display Data: Updates display on an 8- 
segment basis. 


1st byte | 2nd byte | 
Display address 
1 ‘@) 3 2 1 0 


3rd byte 


lee ee! a ie Toe a 
lee ee! 6 ie Toe 2 


‘Display address: Digit address Adn 


4th byte 


shown in figure 12. 


- Display data: Pattern data written into 


the display RAM as shown in figure 13. 


2. Bit Manipulation Data: Updates display 


820 


on a segment basis. 


1st byte 2nd byte 

pot ae] x | 
3 2 1 0 3 2 1 O 

3rd byte 4th byte 


aes address oo a aa ae” 
ee sts - Bit oo a 


- Display data: Data written into the 1 bit 


of the specified display RAM. 


-SEG address: Segment address of dis- 


play RAM (segment output). 


HITACHI 


3. Mode Setting Data: 


ist ees 2nd byte 
3rd byte 4th byte 
3 2 1 O 3 2 1 O- 
- OFF/ON bit: | 
1: LCD off (It is set to 1 when SYNC is 
entered) 
0: LCD on 
- READY bit: 


0: READY bus mode: READY outputs 0 
only while CS and RE are 0 (reset to 0. 
when SYNC is entered) 

1: READY port mode: READY outputs 0 
regardless of CS and RE 


4. 1- -Byte Instruction: The first data (4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 


1st byte 
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How to Input Data 
How to Input Data into HD61604 


Input data is composed of 8 bits x 2 bytes. 


Take care that the data transfer is not inter- | 


rupted because the first 8-bit data is distin- 
guished from the second one by the sequence 
only. 


When data transfer is interrupted, or at 
power on, the following two methods can be 


used to reset the count of the number of 
bytes (count of the first and second bytes): 


Power on 


READY {7 


Mode setting data 


HD61604/HD61605 


1. Set CS and RE to low (no display data 
changes). 

2. Input 2 or more 1-byte instruction data 
whose bit 7 and 6 are high (display data 
may change). 


The data input method via data input pins 


(CS, WE, Do to D7) is similar to that of static 


RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 18. 


VS LS 3 


Mode setting data Display data 


: READY output is indefinite during 12 clocks after the oscillation starts at power on (clock: 


OSC2 clock). 


: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
: In the mode in which READY is always available, READY output is indefinite while high 


is being applied to SYNC. 


: Reset the byte counter after power on. | 


: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the e display data (8 bits) is updated. 

| Connect a pull-up resistor if WE or RE is floating. 

: It is not always necessary to follow this example. 





Figure 18 Example of Data Transfer Sequence 
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How to Input Data into HD61605 


Input data is composed of 4 bits <x 4 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 4-bit data to the 
fourth 4-bit data are distinguished from each 
other by the sequence only. 


When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of data 
(count of the first 4-bit data to the fourth 4- 
bit data): 


Power on , 
ns a ae 
READY Sree 
SYNC Ae 


1st 2nd 3rd 4th 


CX XK Xd) 
a a ‘Me a 


Mode setting data 


1. Set CS and RE to low (no display data 
changes.) 

2. Input 4 or more 1-byte instruction data 
(4-bit data) whose bit 3 and 2 are high 
(display data may change). 


The data input method via data input pins 
(CS, WE Do to Ds) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 19. 


1st 2nd 3rd 4th 1st 2nd 3rd 4th 
Kx XXXX  KKXXX 


Mode setting data Display data 


: READY output is indefinite during 1 2 clocks after the oscillation starts at power on (clock: 


~ OSC2 clock). 


: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
: In the mode in which READY is always available, READY output is indefinite while high 


is being applied to SYNC. 


: Reset the 4-bit data counter after power on. 


: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the e display data (8 bits) is updated. | 

: Connect a pull-up resistor if WE or RE is floating. 

: It is not always necessary to follow this example. 





Figure 19 Example of Data Transfer Sequence oY 
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Notes on READY Output 


Note that the READY output will be. unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 


There are two kinds of the READY output 
waveforms depending on the modes. 


Power on 


Ctst_ X_2nd_p 


Mode setting data 


HD61604/HD61605 


1. READY bus mode (READY bit = 0) 


2. READY port mode (READY bit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
20 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61604 and 
HD61605. 


7 READY output is unsettled. 


A 
11.5 clocks (max) 


“1/2 


(2-byte data) 


Mode setting latch is unsettled. 


Power on 


Note; CS = low 


Power on 


Note; CS = low, RE = high 


(2) READY Port Mode 


(1) READY Bus Mode 





Mode setting data 
are latched. 


1.5 clocks (max) 





3.5 clocks (max) 


Figure 20 READY Output According to Modes 
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Standby Operation 


Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 

1. LCD driver is stopped (LCD is off). 

2. Display data and operating mode are 


held. 

3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 


When this mode is not used, connect pin SB to 
Vss. 





Multi Chip Operation | 


When an LCD is driven with the two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
' input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 


A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See (3) Mode 
Setting Data in “Input Data Formats”.) Trans- 
fer the mode setting data into the LSI after 


Restriction on Usage 


Minimize the noise by inserting a noise by- 
pass capacitor (= 1 uF) between Vpp and 
Vss pins. (Insert one as near chip as possible.) 


every SYNC operation. 


If a power on reset signal is applied to the 
SYNC pin, the LCD can be ener when the 
power is turned on. 


When SYNC input is not used, connect pin 
SYNC to Vss. 


When SB input is used, after standby mode is 
released, high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 





Liquid Crystal Display Drive Volt- 
age Circuit (HD61604) 


What is LCD Voltage? 


HD61604 drives liquid crystal display using 
four levels of voltages (figure 21); Vpp, Vi, V2, 
and V3 (Vpp is the highest and V3 is the 
lowest). The voltage between Vpp and V3 is 
called Vicp and it is necessary to apply the 
appropriate Vicp according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 


ce it supplies the voltage to the LCD drive 
circuit of HD61604. 


Connecting R2-—R5 in series between Vpp 
and Vss (figure 22) generates AV or Vicp by 
using the resistance ratio to supply these 
voltage to pins Vi, V2, V3. C2—C4 are the 
smoothing capacitors. Connect a trimmer 
potentiometer for R5 and change its resis- 


. tance value to control the contrast. 
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Figure 21 LCD Output Waveform and 
Output Levels (1/3 Duty 
Cycle, 1/3 Bias) 


(1) Static Drive (2) 1/2 Duty Cycle Drive (3) 1/3 and 1/4 Duty Cycle Drive 


Note: 1 When standby mode is used, a transistor is required. 
2 R2—RS5 should be some kQ—some tens of kQ, and C2—C4 should be 0.1 wF—-0.3 uF. 





Figure 22 Example when External Drive Voltage is Used 
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Liquid Crystal rn ee Drive Volt- 
age (HD61605) 


As shown in figure 23, apply LCD drive volt- 
age from the external power supply. 


Oscillation Circuit 


When Internal Oscillation Circuit is 
Used 


When the internal oscillation circuit is used, 
attach an external resistor Rosc as shown in 
figure 24. (Insert Rosc as near chip as possible, 
and make the OSCi side shorter.) 


Positive power 
supply 


When External Clock is Used 


When an external clock of 100 kHz with 
CMOS level is provided, pin OSC1 can be used | 
for the input pin. In this case, open pin OSC2. 


Note: When standby mode is used, a transistor is required. 





Figure 23 Example of Drive Voltage Generator 


OSC1 OSC2 


OSC1  OSC2 


Multichip operation 





Figure 24 Example of Oscillation Circuit 
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Applications 


Vaert al 


COM 
Ver . 
Vc2 COM3SEGo «= = -- — SEGs50 
HD6809 


CPU 


Liquid crystal 





Figure 25 Example (1) 


Liquid crystal 





Figure 26 Example (2) 
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Absolute Maximum Ratings . 
Item Symbol Limit Unit 











Power supply voltage* ~ Vop, Vy, Va. V3 -0.3 to + 7.0 | | V 
Pin voltage” Vr | ~0.3 to Vop + 0.3 V 
Operating temperature Tope 20 to + 75 °C 
Storage temperature Tatg -55 to + 125 °C 





_ Value referenced to Vsg = 0 V. 

‘Note: If LSis are used above absolute maximum ratings, they may be permanently destroyed. Using them within electrical 
characteristics limits is strongly recommended for normal operation. Use beyond these conditions will cause 
malfunction and poor reliability. 


Recommended Operating Conditions 

















Limit . 
Item | Symbol Min Typ Max Unit 
Power supply voltage” Vop 45 |. _ 5.5 V 
| Vi Vo, V3 0 = Vop V 
Pin voltage* : Vr 0 — Vop V 
Operating temperature Tone ~20 — +75 °C 
“Value referenced to Vgg = OV. | 
Electrical Characteristics 
DC Characteristics 
(Ves = = 0 V, Vpp = 4.5 V to 5.5 V, Ta = -20°C to +75°C, unless otnorwiee noted) 
Limit 
item 7 Symbol Min Typ Max Unit Test Condition 
Input high voltage OSC1 Vind 0.8Vpp — Vpp V 
Others Vin2 2.0 = Vop V 
Input low voltage OSC1 Vint O  - 0.2Vpp V 
| Others Mie 0 - O08  V 
Output leakage READY lon = = 5 uA Pull up the pin to Vpp 
current . 
Output low READY Voi = = 0.4 V lol =0.4 mA 
voltage 
Input leakage Input hes -1.0 | 1.0 uA Vin=0 to Vpp 
current pin . 
vi Vi liv2 ae 200 . 72. 20 uA Vin=Vopp to V3 
V2, V3 | liva -50 - 5.0 uA 
LCD driver voltage COMo—-COM3 ~V~ = = 0.3 V +ld=3 yA for each 
drop . COM, V3=Vpbp to 3 V 
SEGo— SEGs50 Va2 = a 0.6 V +ld=3 wA for each 
SEG, V3=Vpp to 3 V 
Current consumption * 2 lop as = 100 uA During display * 
Rosc = 360 kQ 


lpp Sa = 5 uA At standby 


. Except the transfer operation of display data and bit data. 
"4 V1, Vo: applied only to HD61604. : 
“2 Donot connect any wire to the output pins and connect the input pins to Vpp or Vgs. 
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AC Characteristics 
(Vg = 0 V, Vpp = 4.5 V to 5.5 V, Ta = -20°C to +75°C, unless otherwise noted) 


Limit 

Item Symbol Min Typ - Max Unit Test Condition 
Oscillation fréquency OSC2 _ _fosc 70 100 130 kHz Rose = 360 kN 
External clock frequency OSC1 fosc 70 100 130 kHz 
External clock duty OSC1 Duty 40 50 60 % 
i/O signal timing ts 400 _— — ns 

ty 10 — _ ns 

twH 300 — — ns 

twe 400 _ _ ns 

twr 400 — _ ns 

to. — — 1.0 us Figure 31 

ten 400 — —_ ns 

top; 9.5 —_ 10.5 Clock For display data transfer 

tope 2.5 _ 3.5 Clock For bit and mode 

data transfer 

Input signal rise and fall time t,, ty _ _— 25 ns 





Figure 27 Write Timing (RE is fixed high and SYNC low) 





Figure 28 Reset/Read Timing (CS and SYNC are fixed low) 
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HD61604/HD61605 


top1, top2 


Within 
1 clock 





Measurement 
pin 
(READY) 





Figure 31 Bus Timing Load Circuit (LS-TTL Load) 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 


Section Seven 


Special Application 


— Drivers 
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HD66S00T 


(Horizontal Driver for TFT-Type LCD 


Color TV) 


The HD66300T is a horizontal driver used for TFT- 
type (Thin Film Transistor) LCD color TVs. Specifi- 
cally, it drives the drain bus signals of aTFT-type LCD 
panel. 


The HD66300T receives as input three video signals R, 
G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry then samples and holds 
these signals before outputting them via voltage fol- 
lowers to drive a TFT-type LCD panel. 


The HD66300T can drive LCD panels from 480 x 240 
pixels middle-resolution up to 720 x 480 pixels high- 
resolution. It has 120 LCD drive outputs and enables 
design of acompact LCD TV dueto TCP (Tape Carrier 
Package) technology. 


Available in TCP packaging only. 
Recommended for high volume applications only. 


Pin Arrangement 


Features 


LCD drive outputs: 120 

e Internal sample and hold circuits: 480 (4 circuits 
per output) 

e Support of single-rate sequential drive mode and 
double-rate sequential drive mode 

e Support of various types of color filter arrange- 
ments through an internal color sequence control- 
ler 

e Vertical pixels: 240 (middle-resolution) or 480 
(high-resolution) 

¢ Horizontal pixels: 480 to 720 

e Support of monodirectional connection mode and 
interleaved connection mode through a bidirec- 
tional shift register 

e Dynamic range: 15 Vpp 
Package: 156-pin TCP 
Power supply: +5 V and -15 V 
CMOS process 


(Top View) 


~ Note: This does not apply to TCP dimensions. 
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HD66300T 


Pin Description | 


Pin List 
Pin Name 


Di - D120 


-HCK1, HCk2, 
HCK3 


DL, DR 


FD 

RS 

OE 

SHL 

D/S 

LF 

MSF1, MSF2 
TEST1, TEST2 


Vx1, Vx2, Vx3, 
Vy1, Vy2, Vy3 
V 


VpsB! Ves | 
Vict Vic: 
V3: Vicd 
Ce 
Ved 
“GND 
Vogts Van? 
Vand, Vand 


bo 


f 


Number of Pins 
120 
3 


wed, 


OO} PT Ph 


Input/Output 


Connected to 


LCD panel 


— Controller 


Controller or 
next HD66300T 


Controller 
GND 
Controller 
Veg or GND 
Veg or GND 
Voc or GND 
Voc of GND 
GND 


inverter 


Power source 
Power source 


Power source 


Power source 


Power source 


Power source 
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Functions (Refer to) 
1. 


17. 


—(18. 





Pin Functions 
1. D1 - D120: These pins output LCD drive signals. 
2. HCK1, HCK2, HCK3: These pins input three-phase 


clock pulses, which determine the signal sampling 
timing for sample and hold circuits. 


3. DL, DR: These pins input or output data into or 


from the internal bidirectional shift register. The state 
of pin SHL determines whether these pins input or 
output data. | 


SHL DL DR 
Voc Output Input 
GND Input Output 


4. FD: This pin inputs the field determination signal, 
which allows the sample and hold circuitry and the 


shift matrix circuit to operate synchronously with TV 


signals, at its rising and falling edge. 


FD = high: First field 
FD = low: Second field 


When a non-interlace signal is applied, it must be 
inverted every field. 


When an interlace signal is applied in double-rate 
sequential drive mode with per-line inversion (mode 


1, 2, 3), the signal must be set high in both fields. The | 


signal must be set low, however, in each field’s hori- 


HD66300T 


6. OE: This pin inputs the signal which controls the 
controller of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
Italso switches the bias current of the output buffer, as: 
shown in the following table. | 


OE Bias Current of Output Buffer 
High Large current (determined by VbsB) 
Low Small current (determined by VbsH) 


7. SHL: This pin selects the shift direction of the shift 
register. 


SHL Shift Direction 
High DL — DR 
Low DL — DR 


8. D/S: This pin selects the LCD drive mode. 


D/S Mode 
High Double-rate sequential drive mode 
Low Single-rate sequential drive mode 


9. L/F: This pin selects the inversion mode of LCD 
drive signals. 





zontal retrace period. LIF Mode 

5. RS: This pin inputs a test signal and should be uae pelme MversOn more 

connected to pinGND. Low Per-field inversion mode 
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Be. 


10. MSF1, MSF2: These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFT-type LCD panel and the drive mode. 


Filter Arrangement Drive Mode 
Diagonal mosaic Single-rate 
pattern | Double-rate 
Vertical stripe Single-rate 
pattern Double-rate 
Unicolor triangular Single-rate 
pattern Double-rate 
Bicolor triangular Single-rate 
pattern Double-rate 


MSF1 MSF2 
GND Voe/GND 
GND Vog/GND 
Vee | Vee 

Voc Voc 

Yoo Vec 

Vec GND 

Vie GND 

Voc GND 





Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 


11. TEST1, TEST2: These pins input test aipnals and 
should be connected to pin GND. 


12. Vx1, Vx2, Vx3, Vy1, Vy2, Vy3: Video signals are 


applied to these pins; in general, positive video sig- | 


nals are connected to pins Vxi and negative video 
signals to pins Vyi. 


13. V,: Bias voltage is applied to this pin for the 
. differential amplifier inthesample and hold ee 
14. V, or Vasu Bias voltage is applied to this pin for 
the two power sources of the output buffer. 
VbsB: The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 


—-:16. Vecl Vec2s Vec3 Vict 


15. Vicl Vi c2r Vi.¢3, V, 4 +5 V LCD drive voltage 


is applied to these pins. 


: +5 V is applied to these 
pins for the logic and the analog units. 


17. GND: 0 V is applied to this pin for the logic unit. 


18. Vepl Ves -15 Vis applied to these pins for the 
LCD drive unit. | 


19, Vp?’ Veep” -15 V is applied to these pins for the 


LCD drive unit. 
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Internal Block Diagram 


L JOR 


— Ves 
Internal signal bus 
Output buffer (amp.) 





Sample and hold circuit 


=| 





M4 
a 
D120 


2 
WS 
0 t 
Os 
ro 
£ 
@ 
2 
5 
5 
@ 
ar 
Be 
jo 8 


LS : level shifter | 






Gate 

MUO g a Ld Gd ted Ld hd bd had booed eed Lad bom J LJ i 
-nXxno~m a ow (77) HNO -K§— NM Nw NO wl g8 =e 
x < x x x DDD SN Go 4 
SSSERC = >>> SS arzgg*°? ae 
rzxrst zc. 
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HD66300T | 
Block Functions 


Shift Register: The shift register generates the sam- 
pling timing for video signals. It is driven by three- 
phase clocks HCK1, HCK2, and HCK3, whose phases 
are different from each other by 120°; each clock 
determines the sampling timing for onecolorsignal so 
that three clocks support the three color signals R, G, 
and B. The shift direction of this register can bechanged. 


Level Shifter: The level shifter changes 5-V signals 
into 20-V signals. 


Sample and Hold Circuitry: In double-rate sequen- 
tial drive mode, two sample and hold circuits are 
selected to sample video signals during one horizon- 
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 


scanning period, and the other selected circuit is read 
out in the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. 


In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during one horizontal 
scanning period, and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 


Shift Matrix Circuit: The shift matrix circuit, a color 


_ sequence controller, changes over the sampled video 


signal every horizontal scanning period. 


Output Buffer: The output buffer consists of a source 
follower circuit and can change the through-rate ofan 
output signal by changing the external bias voltage. 
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System Block Configuration Example 


Antenna 







Speaker 


input 





a 
# 
ow 


FE] 
o> 
oI 






} Controller 





Pe! sagem eae ae , areal 
comics eC 






ee 





0 






TFT-type color LCD panel 
720 x 480 pixels 


HD66300T HD66300T HD66300T 
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HD61105 Fs 
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Example of HD66300T Connection to LCD Panel 
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Figure 1 Example of HD66300T Connection to LCD Panel 


HITACHI 
840 Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005- 1819 » (415) 589-8300 





HD66300T 





20,21 fee) (2s) [2a] (25) (26) (27) (28) es) C30) Csr) (32) (35) Bay [262] el 264 
cea eRe Ene (OPEN ees UA! CREEL (cme ARON [ae] EAST (eM? DOtemeee COWEN os | Cal Reena ren 
rs le i Fe) oa Ue fd res a ye fe ae i es me ees Was Cn Lee 
2 i rn aa aaa Sac aa 
D1-0120 "XX? KX BK BH KEK 26 X27 X28 X29 KX 30 KX ST NK 32 KS MET NBGA XX 


First field. 
7 fo) 717 On << 
oe re Gomaié 
eA 





<a ee RRA ASN HOST DEM Sens) ears] eee! Aare! rei [bee (kd :Setren Sane 
OE A Sl Le Ls La 
FD aaa ara! Se. | erent ee er aS a 
D1-D120 ; (?- xX? X_?_X 286 X 287 X 288 X 289 X 250 XK 291 K 292 KX PEK 254X525 
CL ~LPL LE LLL LL LLL LAS 7AS7. 
D = —_——{f 


Ga-1 
Ga-2 
Ga-240 


Second field 


280 281 282 283 284 1285] | 286) 289) 29i} L292| {293} Paul [525] 


Video — Valid display period 


: HCK1, HCK2, and HCK3 are 


For even number limes 


7 : \ 
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STH 

HCK1 
HCK2 
HCK3 
STH 

HCK1 
HCK2 
HCK3 


For lower drivers For upper drivers “For lower drivers 


LO NR FO ET ONS A \ 


Figure 2 Timing chart 
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5 sc ——— ee ——__—_—— three-phase clocks having a 
@| S| HCKI | Lt mutual phase difference of 
=) 8] HcKz "] 120°. 
2/5 “J Fe LE LE Lr , sei , 
2} AHCKS - Due to a 1.5-pixel position shift 
elevsty - inf between even number lines 
3}. te 1 Bpixels _and odd number lines, a 1.5- 
8| 3] HCKI LJ cs a ae ge Se a pixel phase shift must be gen- 
S| 8) ucke LOU LILELS Li erated between the clocks for 
sie Ss ey cg ee ee PO pe Ol even number lines and those 


for odd number lines when an 
LCD panel of unicolor triangu- 
lar pattern is used. 
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Functional Description _—_, 


Screen Size 


Number of horizontal pixels: 

— 120, 240, 360, 600, and 720 in monodirectional con- 
nection mode — 

— 240, 480, and 720 in bidirectional connection mode 


Number of vertical pixels: 
~ 240 in single-rate sequential drive mode 
~ 480 in double-rate sequential drive mode 


Single-Rate Sequential Drive Mode and Double- 
Rate Sequential Drive Mode 


Single-Rate Sequential Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which are 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines are equally divided into a 


One line of an LCD panel is driven every horizontal 
scanning period in this mode. | 


Double-Rate Sequential Drive Mode: To obtain a 
high-resolution display, a 480-pixel-high LCD panel 
is used. If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency becomes 15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. In the first field, 
the first scanning line is assigned to the first and 
second lines of the LCD panel, the second scanning» 
lineis assigned to the third and fourth lines, and soon. 
In the second field, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 


Two linesofanLCD panel are driven every horizontal 


_ scanning period in this mode. 


first field and a second field. Note: 
. Refer to the index for the further information of NTSC 
In single-rate sequential drive mode, a 240-pixel-high TV syotem signals and LCD. 
LCD panel is used. 240 scanning lines of the first and 
_ second fields of the TV signal are respectively as- 
signed to the 240 lines of the LCD panel. 
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Supportable Types of Color Filter Arrangements 


The order and timing for the HD66300T to output 
color signals depend on the color filter arrangement 


ona TFT-type LCD panel. The HD66300T can support _ 





CBN © UY 
BAS 


ay 
Ye 





\ 
by, 
by 







X 


y 
Wy 





(a) Diagonal from top-left to bottom-right mosaic 
pattern 









a 
RN FAS 
8 VERN 8 | 


G41 
CBN ° OZ 






(b) Diagonal from top-right to bottom-left mosaic | 


pattern 





(c) Vertical stripe pattern 


HD66300 


TFT-type LCD panels having the following color filter 
arrangements by specifying the operation of the inter- 
nal color sequence controller and by changing the 
external signals to be supplied. 








OG 
AN 


(e) Bicolor triangular pattern 





Figure 3 Supportable Types of Color Filter Arrangements 
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_ Mode Setting Pins Per-Field Inversion (available with L/F = low) 


Mode setting pins MSF1, MSF2, and D/S must be set In a certain field, all LCD drive signals have one 
according to both the type of color filterarrangement _ polarity and in the following field, they all have the 
ontheTFT-type LCD paneland thedrive mode(single- inverted polarity. 

rate sequential drive mode or double-rate sequential 


drive mode). These pins activate the internal color Per-Line Inversion (available with L/F = high) 

sequence controller, which changes the sequence of 

color video signals corresponding to each sample and In a certain field, all LCD drive signals have positive 

hold circuit and allows the LS] to output color data in polarity in odd number lines and negative polarity in 

the right order for the LCD panel being used. even number lines, while in the following field, the 
oe situation is reversed, that is, negative polarity in odd 

Per-Field Inversion and Per-Line Inversion number lines and positive polarity in even number 

lines. 


The inversion mode of LCD drive signals can be 
selected by pin L/F. : 


Table 1 Mode Setting Pins 


Filter Arrangement Drive Mode D/S MSF1 MSF2 Referential Timing Charts 





Diagonal mosaic _ Single-rate GND © GND Ve GND MODES 15, 16, 18, and 19 
"pattern | Double-rate = Vig GND Vg, GND —- MODES 1, 2, 5, 6, 8, 9, 
12, and 13 
Vertical stripe Single-rate _ GND Voc Voc MODES 17 and 20 
pattern -Double-rate Voc Voc Voc MODES 3, 7, 10, and 14 
Unicolor triangular Single-rate GND Voc Voc MODES 17 and 20 
| pattern Double-rate Voc Voc GND MODES 4 and 11 
Bicolor triangular. Single-rate GND Voc GND MODE 17 
pattern Double-rate Voc Voc GND MODES 4 and 11 
Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 
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Interface 


Video Signals Connection 


Video signals must be connected to pins Vx1, Vx2, 
Vx3, Vy1, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vx1, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vyl1, Vy2, and Vy3. For actual connection 
between an LCD panel and the LCD drive signal 


The Color Sequence for Each Output Pin 


Color Sequence 

R>-B>G>R- 
Go>R~B->G> 
B>->G~>R->B- 


Output Pin 

D1 (=D3k + 1) 
D2 (=D3k + 2) 
D3 (=D3k + 3) 


The Signal Sequence for Each Output Pin | 


Output Pin Color Sequence 


Vx1 — Vx3 - Vx2 - Vxi > 
Vx2 — Vx1 —- Vx3 - Vx2 > 
Vx3 — Vx2 - Vx1 + Vx3 > 


D1 (=D3k + 1) 
D2 (=D3k + 2) 
D3 (=D3k + 3) 


(Refer to MODE 5) 

The Connection of Signals 
Signal Color | 
Vx1 
Vx2 
Vx3 
Vy1 
Vy2 
Vy3 


Biol Din og BD 


~HD66300T 


output pins, refer to the following example. 


In the case of Diagonal from top-left to bottom-right 
mosaic pattern. 


This example describes the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern is driven in double-rate sequential 
drive mode and monodirectional connection mode. 


HD66300T 


D1 D2 D3 D3k+1 D3k+2 D3k+3 
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“Inthe case of Diagonal from top-right to bottom-left 
mosaic pattern, Vertical se pattern 


Thesame procedure for video signal connection sapelies 
to the case in which a TFT-type LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional connection mode. 


Triangular Pattern, Single-Rate Sequential Drive 
Mode 


The following procedures are required when a panel 
of unicolor or bicolor triangular pattern is used: 


1. Unicolor Triangular Pattern, i a Sequential 
Drive Mode 


HD66300T 


N MO 


The clock phase must be changed every line because 
of the 1.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 
The connection of signals here is the same as that 
described above. 


2. Bicolor Triangular Pattern, Single-Rate i 
Drive Mode 


The clock phase must be changed every line because 
of the 0.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) | 
The connection of video signals in the second field 
must be changed from that in the first field. See the 
following tables. 


The Color Sequence for Each Output Pin 


Output Pin Color Sequence 
D1 (=_D3k+1) R—>~B—> R-> B-> 
D2 (=D3k+2) GoR~>~ Go Ro 


D3 (=D3k+3) BoGoB> Go 


The Signal Sequence for Each Output Pin 


Output Pin 
1st D1 (=D3k + 1) 
field D2 (=D3k + 2) 

D3 (=D3k + 3) 
2nd D1 (=D3k + 1) 
field D2 (=D3k + 2) 

D3 (=D3k + 3) 
(Refer to Mode 17) 


The Connection of Signal in Each Field 


Signal Sequence 

Vx1 — Vy1 — Vx1 - Vy1 > 
Vx2 — Vy2 — Vx2 — Vy2 
Vx3 — Vy3 > Vx3 > Vy3 > 
Vy1 —> Vx1 > Vy1 > Vx1 > 
Vy2 — Vx2 — Vy2 — Vx2 — 
Vy3 — Vx3 — Vy3 — Vx3 > 


Per-Field inversion Per-Line Inversion 
Mode (L/F = low) Mode (L/F =high) 


1st Field 2nd Field 1st Field 
Vx1 R | 
Vx2 G 
Vx3 B 
Vy1 B 
Vy2 R 
Vy3 G 





2nd Field 
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Triangular Pattern, Double-Rate Sequential Drive 
Mode 


Changing the phase of the sampling clocks is suffi- 
cient when the panel is driven in single-rate sequential 
drive mode. However, when the panel is driven in 
double-rate sequential drive mode, the above counter- 


HD66300T 


Ist line 


2nd line 
3rd line 


Ath line 


Video 
signal 


Delayed video 
signal 


Sampling 
clocks 
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measure does not work, since the display data for two 


’ Jines is sampled at one time here. Consequently, de- 


laying the input video signal for a time period corre- 
sponding to the shift between pixels is required. 


A shift in pixel position 
exists between the lines. 


For the 2nd line 


For the 1st line 





Figure 5 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode 


_ HD66300T 
ee ear The Color Sequence for Each Output Pin 


Output Pin Color Sequence 

D1 (-D3k+1) RoR SRR 
D2 (=D38k+2) G >G 9G 3G > 
D3(=D3k+3) B %B3%B34B-5 





The Signal Sequence for Each Output Pin (in Interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 - Vy1 > 
field | D2 (=D3k + 2) — Vx2 > Vy2 - Vx2 > Vy2 > 
Oo D3 (=D3k + 3) Vx3 + Vy3 > Vx3 > Vy3 > 
2nd D1 (=D3k + 1) Vy1 — Vx1 - Vy1 - Vx1 > 
field D2 (=D3k + 2) Vy2 > Vx2 — Vy2 — Vx2 > 

D3 (=D3k + 3) Vy3 — Vx3 - Vy3 > Vx3 > 
(Refer to MODE 4) | 


The Signal Sequence for Each Output Pin (In non-interlace mode) 


Output Pin Signal Sequence 
‘1st D1 (=D3k + 1) Vx1 — Vy1 > Vx1 — Vy1 > 
field D2 (=D3k + 2) Vx2 —» Vy2 — Vx2 > Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 -— Vx3 — Vy3 —-> 
2nd D1 (=D3k + 1) Vx1 > Vy1 > Vx1 > Vy1 > 
field D2 (=D3k + 2) Vx2 —» Vy2 - Vx2 > Vy2 > 
| D3 (=D3k + 3) Vx3 — Vy3 — Vx3 — Vy3 > 


(Refer to MODE 11) 


848 Hitachi America, Ltd. * Hitachi Plaza © 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HITACHI 





1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 


The Connection of Signals in Each Field In interlace Mode 


Vx1 
Vx2 
Vx3 
Vy1 


Delayed R 
G 


Vy2 
— Vy3 


Per-Field Inversion 
Mode (L/F = low) 


1st Field 
Delayed R 
Delayed G 
Delayed B 
R 


2nd Field 


Delayed G 
Delayed B 


Per-Line inversion 
Mode (L/F =high) 


1st Field 

Delayed R 
Delayed G 
Delayed B 


2nd Field 
R 
G 
B 
Delayed R 


Delayed G 
Delayed B 


The Connection of Signals in Each Field In Non-interlace Mode 


Per-Field inversion 
Mode (L/F = low) 


1st Field 


Delayed R- 
Delayed G 


Delayed B 


2nd Field 

Delayed R 
Delayed G 
Delayed B 


Per-Line inversion 
Mode (L/F =high) 


1st Field 


Delayed R 
Delayed G 


Delayed B 
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2nd Field 

Delayed R 
Delayed G 
Delayed B 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode 


HD66300T 


The Color Sequence for Each Output Pin 


isttine [R[G] BIR] | - Output Pin Color Sequence 
LAAN \ Sa SPE ARERR SE Wee Tee 

D1(2D%k+1) Ro2ROZRORS 

D2 (=D3k + 2) G> R-GoR- 


3rd line 





D3 (=D3k + 3) BoG>»B->G-> 


4th line 


The Signal Sequence for Each Output Pin (In interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) ? Vx1 — Vy1 - Vx1 - Vy1 > 
field D2(_D3k+2) ss Vx. Vy2 > Vx2 > Wy2 > 
D3 (=D3k + 3) Vx3 — Vy3 — Vx3 — Vy3: > 
2nd D1 (=D3k +1) -Vyt > Vx1 > Vyt = Vxt 3 
field D2 (=D3k + 2) Vy2 — Vx2 — Vy2 > Vx2 > 
D3 (=D3k + 3) Vy3 — Vx3 - Vy3 — Vx3 > 
(Refer to MODE 4) 


The Signal Sequence for Each Output Pin (In non-interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 - Vy1 > 
field D2 (=D3k +2). Vx2 — Vy2 + Vx2 > Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 — Vx3 — Vy3 > 
2nd D1 (=D3k + 1) _ Vxt - Vy1 > Vx1 > Vy1 > 
field D2 (=D3k + 2) _ Vx2 — Vy2 > Vx2 > Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 > Vx3 > Vy3 > 


(Refer to MODE 11) 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 


The Connection of Signals in Each Field In interlace Mode 


Vx1 
Vx2 
Vx3 
Vy1 
Vy2 
Vy3 


Per-Field Inversion | 


Mode (L/F = low) 


1st Field 
Delayed R 
Delayed G 
Delayed B 
B 

R 

G 


2nd Field 


B 
R 
G 


Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion 


Mode (L/F =high) 


1st Field 

Delayed R 
Delayed G 
Delayed B 


2nd Field 

B 

R 

G 

Delayed R 
Delayed G 
Delayed B 


The Connection of Signals In Each Field In Non-interlace Mode 





Per-Field Inversion 


Mode (L/F = low) 


1st Field 


| Delayed R 


Delayed G 
Delayed B 
B 
R 
G 


2nd Field 

Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion 


Mode (L/F =high) 


1st Fleld 


Delayed R 
Delayed G 
Delayed B 
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2nd Field - 


Delayed R 
Delayed G 
Delayed B 
B 
R 
G 
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Connection to LCD Panels In the former mode, the HD66300Ts are set on either 
: | the upper side or lower side of the panel, while in the 
There are two modes of connecting HD66300T chips latter mode, the HD66300Ts are set on both sides and 
to an LCD panel: the upper drivers and the lower drivers are alternately 
connected to each pixel-column. 

1) monodirectional connection mode | 
2) interleaved connection mode 


‘SHL 


HD66300T 


HD66300T HD66300T 


HD66300T 


SHL 





Figure 7 Interleaved Connection Mode | 


| HITACHI | 
852 —_- Hitachi America, Ltd. » Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 (415) 589-8300. 





Internal Operation 


The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal bidirectional shift register controls which 
circuits to sample data. 


It has three-phase shift clocks with mutual phase 
difference of 120° to.drive the shift register, which 
enables driving an LCD panel with mosaic pattern 
and triangular pattern. : 


The operation of sample and hold circuits and sam- 
pling operation are described below followed by the 
description of the relationship between three-phase 
shift clock phases and frequencies. 


After the above description, determination of bias 
voltage is described; bias voltage controls driving 
characteristics of a differential amplifier and output 
buffer of the sample and hold circuits. 


HD66300T 


Finally, the OE and FD signals are described; they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for each mode follow the 
description. 


Sample and Hold Circuitry 
Operation of Sample and Hold Circuitry 


The HD66300T has four sample and hold circuits A, B, 
C, and D per LCD drive signal output. Sample and 
hold circuit pair A and B is supplied with the same | 
sampling clock pulses as circuit pair C and D. One of 
the signals output by these circuits is connected to an 
output driver. 


These sample and hold circuits repeat sampling and 
outputting of signals alternately to drive an TFT-type 
LCD panel. 





Sample and hold 
circuit (A) 


. Sample and hold 
; Circuit (B) 
Video 


signals 
input 


Sample and hold 
faa (C) 

Sample and hold 

& circuit (D) | 


Sampling “ 
clock 1 


Sampling ¢ 
clock 2 





Figure 8 Sample and Hold Circuitry 


Output driver 
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In single-rate sequential drive mode, sample and hold 
circuits A and D are alternately used; circuits Band C 
perform sampling operation, but are not used since 
they are not connected to the output driver. | 


In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it asan LCD drive signal 
in the following horizontal scanning period. 


In double-rate sequential drive mode, all sample and 


a 


hold circuits A, B, C, and D are alternately used. 


Indouble-rate sequential drive mode, two sample and 
hold circuits sample two signals during one horizon- 
tal scanning period, and output oneofthem as an LCD 
drive signal in the first half of the following horizontal 
scanning period, and output the other signal in the 


second half. 


The following shows the timing charts of sampling 
and outputting operation. | 


7 ¢ - 7 7 
1 GO sm WEES owes WY 





Sample B Not used 

and 

hold 

circuits Cc Not used 
D ene 








OUTPUT 


| Figure 9 | Sampling Timing charts of Single-Rate Sequential Drive Mode 
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. e_ | q T Eg 7 | : 


Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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Sampling Operation 


The HD66300T has a bidirectional shift register com- 
posed of 120 bits and each bit of the shift register 
generates the sampling pulses to control the sampling 
operation of the four sample and hold circuits con- 
nected to each LCD drive signal output pin. When a 
bit of the shift register is 1, the corresponding sample 
and hold circuits are in the sampling state; when it is 
0, the corresponding sample and hold circuits are in 
the hold state. Consequently, shifting a 1 into the shift 


D117 D118 D119 D120 


HCK1 © 


HCK2 © 


HCK3 © 





HD66300T 


register activates in turn the sample and hold circuits 
corresponding to each LCD drive signal output pin. 


Figure 11 is a shift register sketch illustrating the 
relationship between the shift register and the shift 
clocks HCK1, HCK2, and HCK3. Note that the order 
of sampling pulse generation depends on the state of 
pin SHL. D1 corresponds to DL and D120 to DR. 


_ Figure 12 is a timing chart of sampling pulses gener- 


ated by the shift register. 


Output pins 


Sample and hold circuitry 


Figure 11 Shift Register Sketch 
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HCK2 


DR 
(OUTPUT) 


HCK1 


HCK3 


DL 
(OUTPUT) 


SR118 


SR119 


OE as 5 
(INPUT) JU—__§_4—_—_§ 


(a) SHL=High 





~ (b) SHL=Low 


Figure 12 Sampling Pulse Timing Chart 
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Three-Phase Shift Clocks 
Three-Phase Shift Clocks and Sample Start Signal 


Shift clocks HCK1, HCK2, and HCK3, which are 
operation clocks for the shift register, must be three- 
phase clocks with 50-percent duty. The HCK2 clock 
must be generated 120° after the HCK1 clock, and the 
HCK3 clock 240° after the HCK1 clock. Sampling 


For upper 
drivers 


For lower 


ivers 
oye —-HCK3 


DL/DR 


HD66300T 


operation starts when 1 is input from pin DL or DRat 
a rising edge of the HCK1 clock pulse. 


In monodirectional connection mode, all the 
HD66300T chips must be supplied with the same 
three-phase shift clock pulses. In interleaved connec- 
tion mode, the frequency of the three-phase shift 
clocks must be half of that in monodirectional connec- 
tion mode, and the phase shift between the upper 
drivers clocks and the lower drivers clocks must be 
one pixel. 


The lower driver clock pulses follow the upper driver clock pulses by one pixel. 


(b) In Interleaved Connection Mode 


Figure 13 Three-Phase Shift Clocks and Sample Start Signal 
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Some position shift exists between the pixels of even 


number lines and those of odd number lines for LCD 
panels having triangular patterns. This requires gen- 
erating a phase shift between the three-phase clocks 








HCK3 


DL/DR 


HCK1 


HCK2 


HCK3 


for even number lines and those for odd number lines. 
The required phase shift is 1.5 pixels for LCD panels 
having a unicolor triangular pattern, while it is 0.5 
pixels for those having a bicolor triangular pattern. 


Unicolor Triangular Pattern 


te a es | ees 


HCK2 


DL/DR SN A ce a ge 


3g 
Ist line 
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2nd line 3 
5 8 
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Bicolor Triangular Pattern 


Figure 14 


HITACHI | | 
858 — Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 « (415) 589-8300 





HD66300T 


How to Generate Three-Phase Shift Clocks valid display ratio is 95% in the NTSC system, the 
base clock frequency f is about 9.59 MHz according 

Three-phase shift clocks can be generated by dividing to the following equation. 

the base clock, which is generated from a horizontal 


synchronizing clock, through the use of a frequency f = (1/valid display period) x (no. of horizontal 
multiplier such as a PLL circuit. pixels/valid display ratio) 

= 480/(52.7 sec x 0.95) 
The number of horizontal pixels of the LCD panel and = 9.59 (MHz) 
the valid display ratio determines the base clock 
frequency f. . The three-phase clocks can be generated by divid- 

ing f by 3 (in the monodirectional connection mode) 

If the number of horizontal pixels is 480 and the or 6 (in the interleaved connection mode). 


480 pixels (95%) 


Video 
signals 


: t 
| i] 

( t 

‘Horizontal 

iretrace period Valid display period 
‘ t : 

{ t 

H 





Figure 15 Base Clock 





| HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 859 








HD66300T 


+. py 
a 


a 


pee In Monodirectional Connection Mode 


For upper 
drivers 


_ For lower 
drivers 


(b) In Interleaved Connection Mode 





Figure 16 Three-Phase Shift Clocks 
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Bias Voltage 


Voltages Vow V ieEY and Vc control the drive capa- 


bility of the output buffer and differential amplifier. — 


Here the LSI must be used in the range of 


Voc" 40V sVi5,V <Vee-2.0V 


bs’ “bo & Vcc 7 
Vp Controls the drive current capability of the output 
_ buffer when OE is high (IV,,) and V, ,, controls the 
leakage correction current of when OE is low (IV_,,). 
Figure 17 and figure 18 show the relationship between 
IV, and V, ., and the relationship between IV__, and 
VisH ’ | 
Vip and V,.,, should be to an appropriate level for 
the electrical characteristics of the LCD panel used. 


respectively. 


HD66300T 


The rise time (top) and the fall time (topp) of the 


output buffer depend on the input level of V, ... 


Figure 19 shows the relationship between topr tppr 


and V, 5: 

Vio controls the bias current of the differential ampli- 
fier (IV, ). 

Figure 20 shows the relationship between the rise and 
fall times (typ, tppp) Of the output buffer and V, .. 
V9 Should be adjusted to an appropriate level for the 


electrical characteristics of the LCD panel used. 

The increase of total current consumption is 120 times 
larger than that of IV, .., IV, ., and IV, _, because 
figure 17, 18 and 21 each shows the case of one output 
and HD66300T has 120 outputs. 

Figure 17, 18, 19, 20 and 21 are just for reference and do 
not guarantee the characteristics. 





5 Veo—Vose (V) 





Figure 17 IV, vs V.—V,..5 





5 Vee—Vosn (V) 


Figure 18 IV, ., vs V.—V, 


sH 
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Vbo=Vec—3V 
C.=100pF 


Veo = Vee —3V 
Ci = 100pF 


3 a ee ee 
Ves (V) BP ee W) 


Voss = Voc — 3V Vose=Veo — 3V 
CL =100pF C.=100pF 





Figure 20 t,,.7 topr VS V;,, 
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5 
Vec —Vob0 (V) 





Figure 21 IV, vs V.—V,, 


90% (Vin=Vec¢ —3.5V) 
D1—D120 
10%(Vin=Ves +1.5V) 





Figure 22 Definition of t,,,, and t,,, 
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HD66300T 
OE Signal 
The OE signal has the following functions: 
Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 


circuit, and switches the output signal at the OE signal 
rising edge. 


Switching of drive capability of the output buffer: 
Determines the current drive capability of the output 
buffer; 





ee me ee 


Output 
signal 


ee Pe 


Large 
current 


OE | | | 
signal 


current 


Figure 23 Switching of Drive Capability of the Output Buffer 


OE = high: Drives with large current (300 A, typ) 


~ OE = low: Drives with small current (20 pA, typ) 


This function allows the output buffer to operate with 
large current during the transition of an output signal, 
thus shortening its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current con- 
sumption. | 


The drive current is controlled by bias voltages Vig 
(large current) and V, |, (small current). 
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FD Signal 


The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 


The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edge in single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output in the determined order at most every 12 


Timing Charts for Each Mode 


HD66300T 


pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate _ 
sequential drive mode. 


The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one- 
pulse time period of the OE signal during the horizon- 
tal scanning period. 


The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer to the appropriate timing 
charts. 


Table 2 Reference timing charts for each mode 


Bicoior triangular 


Single (D/S = Low) 
Filter Arrangement Per-Line Per-Field 
Mosaic Top- ‘Inter’ +=§MODE15 MODE 18 
left to } d 
bottom- atti 
right Monodi- MODE 16 MODE 19 
rectional 
Top- Inter MODE 16 MODE 19 
right to 
bottom- leaved 
left Monodi- MODE 15 MODE 18 
rectional 
7 Vertical stripe MODE 17 MODE 20 
Unicolor triangular MODE 17 MODE 20 


Double (D/S = High) 


interlace Non-Interlace 
Per-Line Per-Field Per-Line Per-Field 
MODE 2 MODE6 MODE 9 MODE 13 
MODE 1 MODE 5 MODE 8 MODE 12 
MODE 1 MODE 5 MODE8 MODE 12 
MODE 2 MODE6 MODE 9 MODE 13 
MODE3 MODE 7 MODE 10 MODE 14 
MODE 4 MODE 4 MODE 11 MODE 11 
MODE 4 MODE 11 MODE 11 


MODE 17 MODE 17 MODE 4 





Single: Single-rate sequential drive mode 


Double: Double-rate sequential drive mode 
_ Per-Line: Per-line inversion mode 
Per-Field: Per-field inversion mode 


Interleaved: Interleaved connection mode 


Monodirectional: Monodirectional connection mode 
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video 21, [ea] [23] [ea] [25] [26] [a7] [8 [28 [30 FS ee) fees 
DL/OR ; | | { i | | | | «( | 

0 LILILES LLL LL LL LLL AALS 
FD. 


A 
Sample and| B [| SAMPLE | OUT] SAMPLE | [OUT] SAMPLE] JOUT] SAMPLE [Jour] 1 \\ Jou] 
hold circuits) — (T_T SAMPLE [OUT] [SAMPLE [OUT] | SAMPLE JOUT] | SAMPLE OUT] \{ T SAMPLE TOUT] J 
p> (TL SAMPLE Jour] SAMPLE T Jour] SAMPLE T Jour] sampce| —_1\\] SAMPLE [Jour] 


D3k+1 _ XX XK KX KV IKVaZ Ky IRVIN 2K WH IXY SKA Wy XV KV EKV ULV SAAD AN_ V2 KV AVIV ZK 
D3k+2 KR KKK KAKI NINH ATI IXUREXW DINAN WINRAX IKI) _KUIKWAXTEINIX _N 


D3k+3 — XK WK KCRW UXT NW NOD N NUK EXTEIN _XGIKNUYIXTAXWIX _K_ 


Ga-1 









First field 


Ga-2 
Ga-480 





FD 


AtL.f [| Jf [SAMPLE fouT{ [SAMPLE fouT{ { SAMPLE fouT/ [| f )) fouTy of 


Sample and| g [—"]___ | I SAMPLE |___Jourt] SAMPLE] Tout] SAMPLE | Jour. 1S) 1ourl 


hold circuits 


LO SAMPLE Tout] sampce Jour] | sAmpce [out] )\ [ SAMPLE JouT] | 


Db C___ J] J sampce [Jour] sampce [Jour] samPcey Jour] sampceT Ty) T saMPteT J 


D3k+1 KK KK KKK WWI GAIN W INTRON INK ONT NW INTRON _KVRIXW XIX KN 
D3k+2 — K KK KK KK KUKI W IAT KH INWTINUWINUAXW XIN) MAXIE WKY 
D3k+3 — KKK KK KK KKK INGTON NEXT, _-XUNWEXTIX WK NK 


ile ee 


CF eae Pd eae nee eee Ee (one eee 
Ga-480 
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video 21, (22) [7] [ae [a5 Fae Far [ae fa a ee red 
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08 LLL 
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Sample and| B [SAMPLE [JOU] SAMPLE | JOUT] SAMPLE] OUT] SAMPLE] JOUT] | )\)| Jour] 
hold circuits | (, [T_T SAMPLE OUT] | SAMPLE ]OUT] | SAMPLE OUT] ] SAMPLE [OUT] )) | SAMPLE JOUT] | 


D 
D3k+1 XX XK KK _ AVA 2S Vy VZV KV IVY AVX SK VY IRVXZ KV SKVK KV ZAI VXI LXVRZKV IK 
D3k+2 _X xX KK WIDE CWI DXWO IUD) XVDXWEXTINW IX _X 
D3K+3 KK XIX KTRDX WSU DXTV ONT IXY THAIN DIVX IXIA KRDKW INR INWEX _X 
Ga-1 | 
Ga-2 
Ga-480 
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hold circuits 
ic LW TC SAMPLE Tout] [SAMPLE [OUT] [| SAMPLE JouT] )) | SAMPLE [OUT] | 
DL. [. [sampce] jour[ SAMPLE | ~—JouT] SAMPLE| [out] SAMPLE{ | )) [| SAMPLE] [| 


D3k+1 XX KX X KX XX XK _ K_ NYA KV IV Vy ZVI VZV SAVE ZVAINY_ VT RW 2KVKSXK 
O3k+2 XX X X KX KM K_K_KYVAVeIKvy VZV SRV ADVY AV IBV VZV VIAN V2 XVI XX 
O3k+3 OX X K KX XN X XK Ny 3KVAIKW ZVI VZV IVY ZVI VX VIX Vy AV2K_ KX 
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Video 2! [22] ] 23 | [ 24 [[ 25 | { 26 |] { 27 || 28 | 29} f 30 |] jy i | 262 | [263] 264 


DL/DR et ee eee 
OE (ALLL 


A [__[SAMPLE JouT[ [SAMPLE TOUT] [SAMPLE fouUT] J SAMPLE JoUT{ oT. )) Jour) 
a 


Sample and} B L__|SAMPLE | [OUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | — JOUT] 
ROI CHOUNE LG TT SAMPLE TOUT] SAMPLE [OUT] | SAMPLE TOUT] | SAMPLE [OUT] )} | SAMPLE TouTT J L SAMPLE | OUT} 


| | SAMPLE | fouT] SAMPLE | JouT[ SAMPLE | fouT| SAMPLE] | )) | SAMPLE — 


D3K-H 1 KR KIX IDK XOX DX Dy XV Uy DX TXU XVI DAVY URN XRD VX _ 
D3k-+2 KR RR KREXWENTRAX yA UOXU ANTHRAX Wy OXON Uy OXUREX EXTRA EXVRE NY _XVREXVVEXTROXWEX WK 


D3k+3 KK KWH ITT DD TIXKW XID, XTKGITIXEX _ 

















First field 


Ga-1 rae ASRS SOTT (EAE ieee me a NE ORY a over Pee TeeE IO EN (CON raenD Ree ere enero 





FD ae emer ee ee ee teee am e eee: Meetaee 
A CDCI SAWP Jour T SAMPLE Tout] Sanpie Jour) 1 Tour 


actleace B C_l_|-_T-_T SAMPLE | JoutlSAMPLET Jout] SAMPLET Jour] |))] Jour] 
i c CTT TTT SAnPie Tourl [SAMPLE Jour[ | samPce Tour] )) [ samPce Tour] | 


DU | J] SAMPLE | out] SAMPLE | jout] SAMPLE] JouT}] SAMPLE] Jy) | SAMPLE] || 


D3k+1 XX KX AK AK XK _ K_ KIKI DW VD DVD DVD DV DV DVT XV CV XVI KX 
D3k+2 X X X_ X XK KR _K_ KAVA 2KVaZV VZV VZV 2RVAZAVYZKVKZNY_VxBXVZKVXAK KX 


D3k+3 _X X X KX KM _ KK _ KYVIKVY VV IVY PUI SAVAIAVY IRVIN) AVIV IK VKIK KX 


Second field 
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First field 


Second field 


870 





DL/DR l l l l l l l anes Dae et es cea 
co LILLE LLL Lin in nn nL 
fs a Be 


FD 


; 2. {22} | 23 | [ 24 jf 25 | f 26 jf 27 |] 28 |] 29} f 30 |] | 262 | | 263) 264 


A (CT SANPLE OUT] [SAMPLE TOUT] | SAMPLE Jour] | SAMPLE Jour] [Tj Toul TJ 
Sample and| B [__[_SAMPLE | [OUT] SAMPLE |. [OUT] SAMPLE] [OUT] SAMPLE jour 1S ory 7} 
hold circuits} ,  [——]_T SAMPLE [OUT] [ SAMPLE TOUT] | SAMPLE JoUT] | SAMPLE JOUT] )} ] SAMPLE —— 


Dt} J] sampce[ out] SAMPLE | [out] SAMPLE | [OUT] SAMPLE] | )) | SAMPLE | JOUT 


D3k+1 KKK KV IVI VA KV DVI ZX Vx UK IK VEY KV IKV KAKA AUKS VEN VAX AVI KVXAK_X 
D3kK+2 — XX KK VZV VV IK V2 VT AVIA ZV x PV IV AZ VX IVS VKZ KV DRVAIAY AVIVA VAI 


D3k+3 XK XVID. DVD E DVI UDRE VEU \ I XUS AK IX _K 





FD L_ ee ae ate SAAT 
A CTT IT SAwPce Jour] [SAMPLE Jour] T sawpce Tour] TT'§y Jour] J 
|e Lee ee ee [our] 


Lt SAMPLE [out] [ sampte Jour! [ samPce Tout] )) [SAMPLE a 


Dit j J samprey jour] sAMPte | [out] saMpLce|  jout] SAMPLE | JS) [ SAMPLET 


D3k+t XX X X KK _ K Ky wysXvy2Xvy vy IXvyeXVy DX WI Vy eV LXV IWAN EXTER 
O3k+2 XX X KX HX K AR _K_ KYW NAVI Vy Vy XV AVY VIER AVIS) VK VER _ KX 


D3k+3 _ OX X XX XX XK KyswWy VV Vy VY KV EV OV SVE KV IN Aureos RueX_K 8 


Ga-1 eS ee ene, ee eee 
ea 2 $$? 


60 ee ss a cat 8 mo 
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Second field 
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A(T SANPLE TOUT] [SAMPLE [our] [SAMPLE Tour] [save Tout] T_T} Tour 
Sample and | B 
eee G 
D 


D3kK+1 KK RK RIVA KI V Vez XVI VV XVI XU IXURZ XVI VXI VADXVES NY) _NVKIXVAIXVRAX VRS _ YK 
D3k+2 — KK XK IVAN DUDE) VEDI X 


D3k+3 — XX XK NVI V DXA VIN UH DURA XVID AVA VIX VXAXVIK INV AY AXED 





FD 


AtL_| J J J SAMPLE SAMPLE [sampce [out[ [  [)) four, Td 


Sample and| B [—[_____.___1__ T SAMPLE |___ JouT[ SAMPLE[ [out] sAwptE. Jour 1)).Joull +d 


hold circuits 


pt SAMPLE Tout] [ sampce [our] | sampte Jour )) [ SAmPte [our] ] 


D L___ |] sampce [four] SAMPLE | SAMPLE | _fouT| SAMPLE] [ )) | SAMPLE] [| 


O3k+1 XX XA X X KX X XK Ky Wwerw3aXvy Kw2XvyIXvy MWAXWIKWINVZKWIN) XW IXWIXW2K KK 
D3k+2 _ X X KX XX KH XK KYW Nyy vy Vy Vy AVERY IAW IW)_ Wy Kw2Xvy3X_ MX 


D3k+3 _ KX KK KX NK KK NIX WIXWaXwa Wy XW IXWIXVEXW IX IKWDAN KWaKWaXWIX _K _X 
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_ First field 


Second field 


872 





Video 21 [22] [ 23 | [ 24 ]f[ 25 | [ 26] [27 | {[ 28 | f 29 }[ 30 | [ Sy] f 262 | [263] _ —_264 
DL/DR | Prescot l l l | von 


0 LILILILILILILS LAL TL 
FD 
A (U1 SAWPLE TOUT] SAMPLE TOUT] —]-SanPLE TOUT] | SAMPLE Jour] TTS Joury—_T- 
Sample and | 8 [| SAMPLE [ [OUT] SAMPLE | [OUT] SAMPLE [Jour] SAMPLE T_—Jourl IT} Tour] 
hold circuits | | ("——]T-SAMPLE [OUT] | SAMPLE [OUT] —T SAMPLE [OUT] | SAMPLE TOUT] \} T SAMPLE TOUTT —] 
D 


D3k+1 _ XX KK KVAIAV AA VID Vx YK RV TV XV TX Vr XV XV DV VX ORV AVX DNV VIVE VEL _ XX 
D3k+2 —_X XX KX KVAAKVxAKVxZK V2 Vx ZV «ZV 2K V ZVI XEKV HK AKVKEKVKZAVKZ NY AVAZKVAZAVAZVAZK_ XX 


O3k+3 ___X X X X_ Xvx3Xvx3 CITT III NINN) UII _N 





DL/DR ee a 


FD 


A. So SAMPLE JOUT] | SAMPLE [OUT] {| SAMPLE foul 11 joury 7) 
Sample and 
hold circuits} ® CL____I_ IT sawete [Tour] SAMPLE T Tour] samPce | Jour] =e 
c Low tC EC SAMPLE Tout] — [Sample [out] | SAMPLE JouT] )) | SAMPLE rere 
D Lf | SamPLE| fout| SAMPLE | fout[ sampLe[ Tout] sampLe|[ [S) [ SAMPLET | 


Dk+1 XK KK XK % NXT XW XX XW UX DY MOXIXGIX_ ® _O 
DIk+2 — XK XK KK KK XW WWW WWW XWAXWAXWON) _MUXWOXEX WK _X 


D3k+3 _X X X X X X XK _ Ky3wy3Xw3 yyy KW 3KV3NVYSKVIN_ XV 3XW3XW3K XX 
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First field 


Second field 
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|__| SAMPLE [OUT] | SAMPLE TouT] [SAMPLE JouT[ [sample Joury JT )) Jour, 


Sample and|B [ [SAMPLE | [ouT] SAMPLE] [OUT] SAMPLE] [OUT] SAMPLE] [out] | ))[ [out] _| 
hold circuits , 
pC SAMPLE [OUT] | SAMPLE fouT] | SAMPLE JOUT] | sampce [OUT] )) [| SAMPLE [OUT] | 


DL} jSampte | jour] samete | Jour] sampce Jour] sampve [J \\ [ sampce [Jour] 
D3kK+1 _ XX XK DIK VIVA Vx SAVY AK VE IVY SV KK VY VV KV DRVYIKVKAMY VZV EMV KVZK DK 


D3k+2 — KX KK KODE IDOE DDE) NINN _E 
D3k+3 — KK KK KWAI OWT OU) KHIXWEXWIX_K 





A ([SAWPLE [out] SamPLe Jour] [samece Jour] —[sampe Jour] [Ty four] 1] 
Sample and| g (__[ SAMPLE | [OUT] SAMPLE | [OUT] SAMPLE] [OUT] samPLE] Jour] I \\] lou) _] 
aaaatiiad fo 
D 


ee ED.D UD CD UD CD UD UD OD CUD CD UD CUD CDE MOD CD UE I a. 


D3k+2 KK KR WK WAXHAW XDD NTI IX INANE XU) _UEXUAXTIXUIX _N 
D3k+3 XK XK XK _ K_Dvy V2 KV AVIV EV AV IV ZKVY XV KV OK VV SKVKA MV IQ) XW XV BX VENI, _ XK 


Ga-1 tee ca Fa a ge 
Ga-2 See eee ae ar) SNe eee SOS eee ae een | See eee eee Se eS 


meee 
same 
wee 
seen 
~ em em ee 
ween en 
wenn, 
Oe mee ees 
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A (__ [SAMPLE Tour[ [SAMPLE TOUT] [SAMPLE Tour] [SAMPLE Jour] T_[ your? 
Sample and| 8 [—[sawPLe | [OUT] SAMPLE | OUT] SAMPLE] [OUT] SAMPLE] Jour] I\j] Journ] _] 
heidencuts | ¢. [——] —T SampLE TOUT] —[ SAMPLE [OUT] [SAMPLE [OUT| —T- sawpcr TourT \{] Samper Jour] —] 
Dp [____T[sampceT“Jour[ sampce [Jour] samece [Jour] sampce [TV] Sawpte] Jour] 


D3k+1 XX KK TTX TOIT GOTO DDG 
D3k+2 KK KK NWI GX EXT TA TTIXT ROX WIXI) XIXINIX_R 
D3k+3 KX WK NNW XA TITANIA XT NAA KHANTINTXNHX_O 


TE | (ee acne ee eee an OEE eee ae Oe 


Ga-2 Se cae se teat are een ee 


Oe 


First field 


~- 


G a-480 a ee 


ee a re 





A L_I[sampce Jout] | SAMPLE JouT] | sampte four] | sampe fout{ | [ )) jour] ft 
Sample and} g [___[samete | Jout[ sampce [Jour] samPLe [Jour] sampce [Jour] "7 )) [four] 


hold circus) (OTIC SAMPLE TOUT [SAMPLE TOUT] —T SAMPLE [OUT —T SAMPLE Tour] \{T Sapte TOUT — 


p [1 [sawrie [Jour] sare [Jour] sawpce [Tour] samece [1 ) Tsawpte [Tour] 
D3k+1 XK KK Koy NRA ANTINW TAX ANU EXUIN DURAN) _XWIKXTEIXW ANTEX _N 


D3k+2 _ KK KX XK wy2X vd XW VAX WIKI Vy AX VI KV INVA KW KV DV AKIN IN) XW IX VAX IXY 
D343 _ XX _K_K_ Ney IDV AVI VV IV IRV KVKINVY XV ZV IVE WZ NY V2 VIX IAVXZK_ 


Ga-1 ee eae TNE i SRM er ee ae Te cee oe ee POR EE PERRO NT! (Lee nee Seer anes 
Ga-2 Seer e er ee eee (SN EN AM ene ee nese eree cae aca SON eae en, MOE een OA ee ( [cet SRO Ee ee aoe 


Game i _RP_DS EI Tie tial 


Second field 
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[TT samece [out| | SawPLe Jour] [SAMPLE Jour] | sAMPLE [out] JT Sf your] T_} 
Sample and| B [— [SAMPLE | JOUT] SawPLe | [OUT] SAMPLE | Jour] SAMPLE] Jour] Ij] Jour] J 
new oreuss| [| [saw TOUT] — [SAMPLE TOUT] — SawPLE [OUT] | SAMPLE TOUTT S(T SaWPLF [OUT] —] 

D (~~ TTsawpce [Jour] samc [Jour] samPce | Jour sampce TT \] samPce] Jour] 


First fieid 


D3k-+1 KK KK KDW RIKI XII XT XXXII) NU OXTIXOIX KR | | 
D3k+2 _X KX XK _AVaZEKVy 2K VZV AVA EVE VY EVV EVE WY 2K VXEKVVERVAZM), VAX W2KVRZ KV ZK _ DK 


D3k+3 _ XXX XK NIV IN UII INV IKVKIKVY AVES IAUXINVY INVES VKSKVYSVKIKVYSK _ XK 





A 
Sample and | g 
dea | 
D 


D3 HV OK KK VAD XV DV DTV DVT UY DVI Vy DVI XV XVID DH) XW DVD XVID 


D3k+2 _X XX XK _KvyZAVZKVy AVA EXVKZAV ZAVAZ VY EVA VY EAVAZ AVY EVA KV) VY ZKVXZ KV ZAVKEA_D 
D3k+3 XX X X_ XH Ky3KvxINXVy3KV3 UDEV UWI \ yxy IKK _K 


Second field 


Ga-1 ae at 


he ee 
cone 
tem 
toe 
CP ete mmm 
ome 
7 www 
wm ew 
wee ew 


~ 
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A (_[ SAMPLE TOUT —T SAWPLE Tour] [SAMPLE Tour] | SAMPLE Tout TTS your) T_] 
Sample and| 8 [— [SAMPLE | OUT] SAMPLE | OUT] SAMPLE] JouT] SAMPLE Jou] I] louT] _] 
how oreuts| ¢ (_[T SAWPLE TOUT] — [SAMPLE TOUT] | SAMPLE [OUT] —[-sampce Jour] \{ ] samece [out] —] 
D (~T Tsampce [Jour] samPce [Jour] sawPce [Jour] sampce [TT SamPce] Jour) 


Dak+1 XX XK XK ODOM DDD DDD ODED END EDEDEDCR 
D3K+2 KK KVR WEX VAX EXVRE XU OXUREX WAKA K Vy OXUREX Vy EKVKDKVYORUREMY)_ KURAXWEXAXWEX _ 
Dak+3 —K XXX XDD DADO DDI) NODE _E 


a ena (Eee ne OPINED (ogee see ewe ee 


First field 





A [__[SAMPLE [out] | SAMPLE fouT] [SamPLe JouT] [SAMPLE [oUT; | [| )) Jout] of 
Sample and| g ([__[SAMPLE | [OUT] SAMPLE | [OUT] SAMPLE | [OUT] SAMPLE] out] |))] Jou] | 


hold circuits 


pT SAMPLE JOUT[ [SAMPLE [OUT] | SAMPLE [OUT] _[ SAMPLE JouT[ )) [| SAMPLE [OUT] _| 


DL tf Sampce | four| sampce | [out] SAMPLE | [out] SAMPLE} | )) | SAMPLE | JOUT| 


Yee 2.2. CDUD CD UDC UD UD UD CD UD CD UD CD CIN CD. \ MCD DDD, 
D3k+2 — KK KK XAT TANT TON TOXWXTIXUDOOXTNTIN) HUAWEI 
DIR+3. KK KK NIKKI TNW I TINTININK TK WININNTN| KTXTIXUIX YK 


CS Nee ee 
Ga-2 sia 


Gi-a90 EO ene 


Second field 
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MODE12 





A {_[SamPce fouT{ | sampce fout{ — [ SampLe [out[ [sampce four] |  [)\fout] [  —_] 

ae and; B [_[sampce | fout[ sampce | [OUT] SAMPLE] [OUT] SAMPLE| [OUT] | )\] oul] | 
old circutts 

PE SAMPLE [OUT[ | SAMPLE [OUT] [SAMPLE [OUT] —_[ SAMPLE [OUT] }} [ SAMPLE JOUT] | 


D [____]_Tsawpte [Jour] sampte [Jour] sampce | Joury sampce | 7 \( 7 Sampce | Tour] 
D3K+1 RRR IIIT TOKIO Te INR DUINTA KUREXRI KIN OK 
D3k+2 KK KX KVEX TRIVIA IN UON IK INVRAX UAT NV IKARIA. _XVSXUANVAINVN 
D3k+3 KK KUANTAN VIAN VIX IKVRDX VII KUKI NVRA KADY XVI AVIS NVRAKVADX OK 





FD 


A {_[sampce Jout[ [| sampce fout{ | sampce fout] | samece four] | | )) four, [| | 
Sample and! g [_ JSAMPLE | [OUT] SAMPLE | [OUT] SAMPLE] [OUT] SAMPLE] our]  |[)y] [out] | 


hold circuits 
| CCE SCT SAMPLE [OUT] [SAMPLE [OUT[ | SAMPLE [OUT[ _[ SAMPLE [out] )\ [ SAMPLE [OUT] | 


Dp {L___[ [sampce | jout] saMPce [| four] SAMPLE | four] SAMPLE | [)) [ SAMPLE | __ [OUT| 


D3k-+1 KKK XW XW IX AKT XT KH EXH KH XH INEM Ka IX KUEX _Y 
DIKH2 KRY a KWOK DKH KWAK XIX KH AK DXW IN _XwpaXvvaXy XWIX NK 


D3k+3 _ X XX _K_ Kw 3aXw2Xw vy 3X vy XV YW SW AX XV BMV AVY XW IMVZ KV NY KV XV KWAKW IK 6 


lia a 
wee ew 
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First field 


Second field 


878 





[[samete Jour] [SAMPLE [OUT] | SAMPLE [OUT] [ SawPLe Jour] [| S}youry_ 1] 

Sample and} B [— [SAMPLE | [OUT] SAMPLE | [OUT] SAMPLE] Jour] SAMPLE] Jout] Ij] [our] ] 
hold cireus | [| T SAMPLE TOUT] | SAMPLE TOUT] [| SAMPLE TOUT] | SAMPLE Jour] {| SAMPLE [our] —] 
D [—T Tsamece [Jour] sampce [Jour] sampce [Jour] samece | T \ 7 sampce |__ Jour] 


D3k+1 KX KK HD EDEDD EDD EDD DED ODED ED EDD MEDD 
DIK +2 KK KK NATION DTD GEDDY XEDKTDTIX_X 


D3k+3 KX XK NDAD EDI H ADIN HIKUDUINY Kwan MHI XUAX 





Video 283 284 [ 285 | [ 286 | [ 287 | [ 288 | [ 289 ] [ 290 ] [ 291] [ 2x2} fo \\1 [52a] 1 2 
0 eeennencaee ae eset Ean Een BAERS Set] GAEDUNNE! eet! Aeannees Om (| btecetee=estens sen ems 
of LILILILILIELILILLW LS LLL LL LLL FLAS AL_AL_PLAALPALFAL| 


FD 


A {___[sampce [out[  [sampce Jout[ | sampce [out] J sampce Jour] [| )) Jour] Td] 
Sample and} g [__[sampce | Jout] sampce [  Jout] sampce [out] sampce [out] [)) 7 Jour] 


Warne : 
hold circuits). (TT SAMPLE OUT SAMPLE [OUT | SAMPLE TOUT] [SAMPLE TouTL {TT SAMPLE TOuTT 


bp CLT [sampce [Jour] sampce [ Jout] sampce [ Tour[ sampce |” Ty) T sampce [Jour 


D+ XXX KOM DODO DOD DDO DDDDEN DDD EDX 
Dat2 XX XX ODO D DDD DDD ODDEN EDD ED 
DK+3 XX KK KOO DODD GDI] EDD 


wm ot me 
mw 
~~ me 
aww 
meme 
mw 
oF em oe we on 
me 
ee ae oe 
mm 
- 
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MODE14 





[__ [SAMPLE [OUT] | SAMPLE [our] | SAMPLE [out] | SAMPLE JouT] | [lou] |] 
Sample and| B [| SAMPLE | [OUT] SAMPLE | [OUT] SAMPLE] [OUT] SAMPLE] Jour] I \{] Jou] _] 
hold circuits) [(———] —T SaNPLE TOUT] | SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE Jour] {{ | sawPLe Jour] —] 
ae CTS TT MK GTS 


D38K+1 XK KK KAVA KV DIVIDED AV TIAVIADAV IV IV IAVI AV DAV TV) VX DAV DAV TRV K 
D3kK+2 _ XX KX VA ZK VK WAZA RAV KEV ZV KV XE VAZ KVR VEZ VEN, KAVA XVXEKVXE MVE YK 


D3K+3 XK XK KIVA IRVIN VIVE INV IN VIKA IAAI IAAI) KIA VASA ESAVESN JK 





[| [samece Jout[ | sampce Jout[  [sampce Jour] — [sampce [out] [[)) four] of 


Sample and} g [__[sampce [  Jout] sampte [  Jout[ samece [Jour] sampre J JoutT T))f four, 


hold circuits 


[SAMPLE Tout] [SAMPLE Tout] T sampce Jou] J SAMPLE Tout] }) [ SAMPLE ]OUT] _| 


o CJ [sampce [out] sampce [Jour] sampce |] [out] SAMPLE | [S) | SAMPLE] [OUT] 


D3k+1 KX XX vy vy Wy Vy DX vy VY Vy LX My UV OXY DX Vy XV XV vy UX Vy DY) XW DV TX EX ZX __ 8 
D3k+2 _ X X XX XwervyexwerXweXwewyZXwarvyeXwexvw2XvyZXvyZxv2NWyZNVEN) KW ZXWEKWeRWEX _ Dh 


D3k+3 XX XK _ XK_Xvy3Xwy3Xw 3X3 XV MVM IK INV SMV SKYY SKYY SAV IKV IVY SN) KV IKVYSK VIMY _ XK 


we an oe me me 
OF me ne es on 
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First field 


Second field 


880 





A [| __Bampce] our sampce SAMPLE SAMPLE sae] Sy] our] _] 
Sample 
and B Not used 
hold Cc Not used 
circuits D 


[STOTT Sane OUT [SAMPLE [OUT [SAMPLE OUT TSMURLET OUT] —{f TsmET- OUT 

D3k+1 
D3k-+2 
D3k+3 ~ XK XX v3 Kw X we XW KX vat XW? X vd X wi Xe Kw X Sy Kv X we XY 


Video 280, 281 282 284 [265 | [266] [287] [288] [289] [290] [297] [292] [293] [I] [525] 12 
DL/DR ee ee l - 
OE hed er ee Ee er PT 
FD a ae ig 


A FOUL Same | OUT | SAMPLE SAMPLE SAMPLE] _)) [SAMPLE 
Sample B Not used . 
and 
hold . C Not used 
re 6 [| | | Jsamece] Our [sampce] out [sampte| Out [SamPLE| Our] \\[ our] | 


D3k+1 _X  X X XA XXX wi X v2 X W3 X vat X w2 X Ves XK Vyt Ky X v2 X Ves XX 
D3k+2 XX  X XX XX w2 X vas X vy X vez X wy3 XK vai XK wy2 XW XK V3 X Val XX 
p3k+3 XX xX XX XX v3 X vat KX wy2 XK vx3 KX vy X Vx2 X wy3 KX) K Wt X Vx2 XX 
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eae A |_| SAMPLE] OUT [SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE[ jy [ OUT [ 
ample 
and B Not used 
hold C Not used 
circuits 
D 


[TT saupce TOUT T sampLe[ OUT [sample] OUT [SAPLET OUT [SAWPLET OUT | \{ [sample] OUT ] 
D3k+1 XX KX eX SX vx XK Wt XV X_vy2 XV X WX Vez X wt XY) Xs X W2 XX 


D3k+2 _X XXX v2 XK vt X v3 X v2 KX Vet X V3 XK V2 X vyt X vas X W2 XK YX VI WX 


D3k+3  _X XA XX x3 XK wy2 XK vat XK V3 X vez X vt XK Vx3_ XK vyz KX xt X w3 XK )) X vez X wt XX 


Ga-1 j | & 
ea a ae EN NTR ag eet eee ON eee ea ee eee | NSA eee Rees 


Ga-240 __ ee ee 


Video 280, 281, 282, 283 204 [385] [286] [287] [288] [285] [290] [Zor] 292] [295] [YT [se] 1 
A ed i 


samme se i es tg re One ge lam Ca Lf em fi le a ee 
eal See ae ae ee gree ee ee Ce NR Ne re nee Cea ee ee 


A {| Sate out fsampce] out [Sample] out [Sampce} )) [SAMPLE | OUT | 
Sample| 5 Not used 
and ; 
hold | C Not used 
circuits | 


D3k+1 TOXICITY 
D3k+2 KET EET TT KEI XX 
D3k-+3 


ee eer et een (NR ee Re (ee 
Ga-2 see eee ne ae ¢ eee eee eee 


ged ges 
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MODE17 





(va 
2 eee ae RE a! eC ee a Fe 

eS 2a i i ee 
FD ese nc ge ee aoe eee a ee 





mG [__[sawpce]T OUT Jsamece TOUT [SAMPLE TOUT [SaMPLE| OUT [SAMPLE] OUT [sampce] QT Our] | 
pais lass B Not used 
hold C-.; Not used 
ircuit es 

Py malas (2 [Tsar] UT [sane] OUT [saMece [OUT [SAMPCE| OUT [SAMPLE] OUT [—\(TsmnPtey OUT] 

a4 

© | D3k+1 XXX Vat X wt XK Wat XK vy XK Wat OX vy XV Xv X Vat X Wt XX vel X Wi XX 
D3k+2 XX XX vx2 X we X v2 X ve XK vx2 X vy2 X Vee X we X vee X v2 XY K vez X we KX / X 
D3k+3 XX XX x3 X Wy3_ X Vad X Vy3 X ved X Vy3_ XC vx X Wy3 XC Vx3_ X w3 KX) X vas X Ws XX 
Ga-1 | | sees SO i 
Es ae ERNE Ee RnEE=Tr OUI! AE ESE NI a or nen te aa REE RIE nNOS SUSE ( SOON E SSUES REE teeter ae 
FD | ee ee Cee een se ene Ne Se reine NON Crh owe Tae ere el 

A T_T sane [Our [sare] out [sawPue [out [sampce[ —\{ [sawrce | our | 

Sample B Not used . 

| and 

2 se 7 C Not used | 

eyo’ |p Tsar TOT [sane Tour [samece | out [samPcel our [Wy our) 

ne) ; 

9 

2 } 

© 

&| O3k+1 X XN KX XX XK KR XK wi KX ver KX vi X ver KX wy X Var X wt XS XK wi X var XX 


D3%k+2 _X  X XR XN xX XX we X va2 X we XK Vx2 XK wy2 X Vx2 XK W2 X Wy XW2 X Vx2 XX 
D3k+3 _X XX XX XX WX ved XK 3 XK ved XC wy3 XK vx3 X wy X >) X V3 X V3 XX 


Ga-1 Sc ae a 
a eee ea, NSN etree eee” | ene eee ee 


Ga-240 onan ero ee ew We Sean NO SOREL ee uecninas aie cere! sabi Pie 
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oe [a0 
Tu [ ono 


Vides: cede (22 [eR] AR] AE [AY AT aw) Few HH] HT] Se] aT] A] eee ees ss 
DL/DR : EDT eee PETET! IARC Larges! (SONA UR AMEN! (AE, ANAS! [ane ACERS Meo (ee eeAr ee a eOeE: 
ee re We eG ee ec eg 
a a aa | a 










A [[sameceT OUT Jsampue [our [Sample] OUT [Sample] OUT [swmPce] OUT [smmEy VT OUT TJ 
{ 
es B Not used 
hold C Not used 
maa [[TsawPue] Our J sampce] OUT [SAWPLET OUT [sawPLe| OUT [samPle] OUT | \CTSawPLey OUT] 
DFT XX XTX We XW XV XV Xv XV Wee XV XV XY Xx? XV XE 
D3k+2 _X XXX V2 KV NX Vad X Vx? KX _Vxd YX Vat Wx? XX Vx3 XC Vat XK v2 XY) X VB K Vx XX 
VJ 

D3k+3  _ XX XX V3 XK vat XC Vx2 XV XC Vat X_vx2 XW XV X_Vx2 XK Vx3 XD) MX Vt XC vxz XX 
Ga-1 f | eee 
C2. | ea aS ae A a ae a ae A ELA ngs rsa a 
Video 280 281 282 283 284 | 285] | 286] | 287] | 288] [289] 290] | 291} [292] | 293) | \\ 1 2 
DL/OR ts Es (SE Usenet Eee (ON eee Reena Ceeette (Rem eeekeeemur eres crooner 
oe eae eee Lia 
FD ws ks ee Ne ce a Se 

A C.-T. _T___[sawrte our [same] out [sawrce [our [save] \{ [savPce Tour | 
Sample B Not used 
and | 
hold =| C Not used 
ene ED Tsar [out Tear Tour [Saupe] Our [sampceT our T WT our) 
D3k+1 _X XN KX X X XX wi X wa X w3 X wi XK we X Ww3X wi X Sy X we X Ww3 XX 


D3k+2 _X X X X xX XX we X w3 X wi KX w2 X w3 X wi X we X yy X W3X vi Xx 
p3k+3 _X  X  X XX XX W3 X wi X v2 X w3 X wi X we X w3 X ) X wi X we XX 


Ga-1 f | Bd Sgt eee ne! (eee ee ene 
Ga2 0 ee 


TM ewe wwe wwe wae 


Ga-240 ‘ | 
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A [_[sawceT our Jsamece | our [SavPce] Out [sample] Out [SAMPLE] OUT [swmmel Wy our] J 
enn B Not used 
hold Cc Not used 

2} or" Ip [Tsar [OUT [saree] OUT [smnPte | OUT [SmmPte] OUT [sanPle] OUT [VT sme] OUT] 

ue 

i : 

wy D3k+T OX XM XX VXI XV KX V2 XV XK V3 XX We XK Vd KX VS NX We? XV XY) KX V3 XK V2 XR 
D3k+2 XX XX V2 X vx X Vx XK Vx2_ X_ Vat XX Vad XK V2 X_Vxt_ KX Vu X Vx2 Xp X vx KV XX 
D3k+3 XX XX 3 X_Vx2_ XV Xx X_Vax2 XK Val XC VS XK Vx2_ XC Val X x3 KX )) KX Va2 X vat XX 
Ga-1 | | a a ee 
ea Rete | seer oa rs? Pamir Wace Piven seoeenar ee etree rer (COE ee acer ie enone ate 
CG ON San ae ee ee ee ee 
Video 280 281 282 283 = 284 [285 | 289} [290] j291{ {292 | TW 25] 1 2 
5, ; San ace ER meee eevee nse (SE few JeNeRes ie (aes [BOs Ene PO Fs ( Cem Lenco eee 
OE am ful 2 es Ee (Pe es Oe Fe es Ue Ch ef ee 
FD. | cay acarn a 

A eS SS RCO ES CO EM 

Sample B Not used 
and 
now i C Not used 

3;°"" Lo Tari TOT gant |Our Tsai [OUT TOPE TOUT TS Tour) 

ee 

so] ‘ 

c 

81 p3k+1 {XXX OO AD DED ONDE 

3 


D3k+2 LOOKED CE CD CECE COX DCL 


p3k+3 _X XX XX XX w3 X we X wi X w3 XK we X wi X w3 X ) X Wwe X wt XX 





HITACHI | 
884 — Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 





HD66300T 





MODE20 





eer [_ [sawpceT Out Jsawpce | oUt [Sample | OUT [sawPie[ OUT [SAMPLE] OUT [sample] Gy] Our] J 
ae B Not used 
hold Cc Not used 
sage 
= ene [Tsar |Our [sanece] Our [SAMPLE | OUT [sawrce] OUT [SAMPLE] OUT | —\TSmMplET OUT] 
® 
eS 
7] v, 
ic | O3k+1 KX XX VAT YX Vet Xa XC Vt OX Vit OX Vat XC Vet XK Vat OX Vict Vi XS) XxX Vat KX > 
D3k+2 XX XX 2X V2 XV? YX Vx2_ XV? DX V2 V2 V2 Xx? V2 XY XK V2 Vez XX 
D3k+3 XX XX 3X V3 XV V3 KX Vad KX V3 XC V3 XK V3 XC Vx3_ Vad XX VS X VS XX 
Ga-1 f | i 
Ga-2 | | = ne rene ee ere elas eee Lh 
AAD ccc eg eh ee Riaieieiraitisens  Geisas a4 eee es 
Video 280 281 282 283 284 [286 | [289 [zor] (292) [293] [WI fs25] 1 2 
ON OR a 
OE ee es fe fF ye ee ee eg De eg cl gD 
FD FE relate te er eee ee ee nee Se OO NE OT) OMe nee ee 
A TT Tare 00 Tarte] out [smnPce | our [swwrce] —\[Jsanece | Our | 
pele B Not used 
hoe C Not used 
co ada Tsar Tour Tame [our Tsarte | our [smrceyT ory WT our. J 
= 
no] 
Cc 
S| p3k+1 xX xX xX MX XX KX. XWX wi xX wi KX wi xX wi xX wi X wi X WX wi xX wi XX 
”) 
D3k+2 X XN XN XR XX XX Wwe KX we KX W2 X we X we X we X we XY X Wwe X Wwe XX 
° D3x+3 _X XN KX KX X XX W3 X W3 X v3 KX ws w3 X v3 X w3 X )) X ws X W3 XX 


Ga-1 Sa a i a 
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NTSC System TV Signals and LCD 


A TV screen display, which is updated 30 times per 


second, is called a “frame” and is composed of 525 
scanning lines. One frame contains two fields; scan- 
ning lines 1 to 262.5 scan the display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
“interlace scan.” 


The time period in which one scanning line scans the 
display is called a “horizontal scanning period” and is 
about 63.5 ps. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the “valid display period”. The 
other period is called the “horizontal retrace period”. 


There aretwo modes for displaying a TV screen image 
on an LCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panel; thus, each of the 240 lines of the panel aredriven 


by the positive signal in the first field and by the - 


negative signal in the second field. Here, 30-Hz alter- 
nating frequency is available, but the number of ver- 
tical pixels is limited to 240. 


(Single-rate sequential drive mode) 


In the second mode, every other line of the LCD panel 
can be driven by the first field and the remaining lines 


25 


CO) onebes (cb b ccs 


Ro 
N 


Scanning line No. 
in the 1st field 





can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is recog- 
nized that the pixel is driven by signals with opposite 
polarity every frame. This lowers the alternating fre- 
quency to 15 MHz, which is only half of the frame 
frequency. Driving LCD elements with signals of such 
low alternating frequency causes flickering and de- 
grades display quality. To raise the alternating fre- 


quency to 30 MHz, a method can be employed in 


which LCD elements are driven once every field in- 
stead of once every frame. 


Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 


Employing this method enables the implementation 
of 480 vertical pixels. 


(Double-rate sequential drive mode) 


aS) 
oo Cc 
oO on 


N 
oo 
~ 


NS Sotesee ees 


ur 
w 


Scanning line No.. 
in the 2nd field 





Figure 24 Example of NTSC System TV Signals Scanning 
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239th line 


Scanning line No. Scanning line No. 
in the 1st field in the 2nd field 


Scanning line No. 
in the 1st field Scanning line No. 
in the 2nd field 





Figure 26 High-Resolution Display by Double-Rate Sequential Drive Mode 
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Absolute Maximum Ratings 


Item 

Power supply for 
logic unit | 
Power supply for 
analog unit 
Input voltage for 
logic unit 

Input voltage for 
analog unit 
Operating 
temperature 
Storage 
temperature 


LCD level voltage 


Symbol 


Voc 


Nee 


V 


LCD 


Ratings 


~—0.3 to +7.0 


Veo" 23 to Vect 0.3 


—0.3 to Vect 0.3 


Vep~ 0.3 to Voct 0.3 


—20 to +75 


—20 to +85 


Vento Vect 0.3 


Unit Remarks Note 


V 





Notes: 1. Value referred to GND =0 V. 
2. IfLSIsareused above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristics limits is strongly recommended for normal operation. Use beyond 
these conditions will cause malfunction and poor reliability. 
3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, 
TEST2, Vbo, VbsH, and VbsB. 
4. Applies to pins Vx1, Vx2, Vx3, Vyl1, Vy2, and Vy3. 
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Electrical Characteristics 


DC Characteristics Vico 


= Voc =5 V £10%, GND = 0 V, V,.. - Vip = 16 to 20 V, Ta = -20 to +75 °C) 


Notes 





Item Symbol Min Typ Max Unit Test Conditions 
Input high-level voltage Vig 0.7 Veg — Voc V | 3 
Input low-levelvoltage V, GND _ 0.3Vi, V 
Output high-level voltage V,,, Vog7 90-4 — — V lay = 0-3 MA 4 
Output low-level voltage  V,, — — 0.4 V lu, = 0.3 MA 
Input leakage current (1) head —10 — +10 uA V.=0V, Voc 1 
Input leakage current (2) |, ~10 — +10 yA V, = Veg Voc 2 
Output current (1) lour — — —150 yA Voc — Veg = 29 V Dk=V,,-0.5V 5 
— _— —10 yA Apply V_ to Vx.and Vy. 
Vin = Yoo ~ Vegi/2 
Output current (2) LN +150 — — HA Vio = Veg — 3 V DK=V,_+0.5V OE=Vi, 
+10 © — — HA Ves = Vcc 73 V 
Vass = Yoo 7 3V 
Current consumption lanp —_— _ 3.0 mA f= 2-5 MHZ, Vio = Veg -3V 6 
BB — 15 30 mA View = Moo 7 3 Vi Vigs = Veo — 3 V 
OE = 33 kHz, 
FD = 30 Hz 
OE duty = 7/32 
Bias voltage Vb Voge 7-4-0 VQ.-30 — V Vio = Ves = Vose, 
C, = 100 pF, tio, s 6.3 us 
Dynamic range Voy Vegt 15 — Voge 73-5 Voc ~ Vag = 20 V. 
T, =—10 to +60°C 5,7,9 
-O0.5V< Von <+0.5V 








V0 = Visi = Voss = Veo ~ 


3V 


LOOE99CH 


068 
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DC Characteristics (V, = Vc =5 V +10%, GND = 0V, Voc - Vez = 16 to 20 V, Ta = -20 to +75 °C) (Cont.) 


Item 
Offset voltage 
Notes: 1. 
2, 
3. 
4. 
205 
6. 
7. 
8. 
9. 


snes & © 
Symbol Min Typ Max Unit Test Conditions 
Vora) 737 180 — — 5 +180 2 mV Voc — Vag = 20 V V,=-11V 
T, =-10 to + 60°C 
Voy) #95 180 — +55 + 180 mV f 4 = 2.5 MHz Vi=-1V 


Vbo = Vash = “bss 
=Vog-3V 


Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, TEST2, V,., V5.4, and Vi... 
Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 

Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TESTI, and TEST2. 

Applies to pins DL and DR. 

Applies to pins D1 - D120. 

The shift register is constantly shifting one 1. 


Mode setting: L/F = Vecy D/S = Viegy MSFI = GND, MSF2 = Voc 


(The other input pins must be V_. or GND level.) 


The operations are the same as those when offset voltage is ees | 
Definition of “offset voltage” is shown figure 27. 


These characteristics are defined within the temperature which is shown in the test condition. 


Notes 
5, 8,9 


-LOO€99dH 
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AC Characteristics (V, ., = Voc =5 V + 10%, GND = 0 V, V..- Vag = 16 to 20 V, T, = -20 to +75°C) 





Item Symbol Min Max Unit Test Condition Notes 
Three-phase clock period toxcx 210 1000 ns 
Three-phase clock town 100 —_—— ns 
pulse width 
TowL 
Interval between three-phase t,, 30 — ns 1 
clock falling edge and rising ' 
tia 
Interval between three-phase t, 20 — ns 2 
clock rising edge and falling 
edge 
Clock rise and fall times t. —_ 30 ns 
DL, DR input setup time te | 50 — ns 
DL, DR input hold time tan 20 — ns 
DL, DR output delay time td — 90 ns C, = 15 pF 
DL, DR output hold time tio 5 —_ ns 
OE input period Le 30 80 Us 
OE input high-level pulse town 3 15 Us 
width | | 
OE rise and fall times t — 30 ns 
to 
FD input setup time tes 100 — ns 
FD input hold time ten, 100 — ns 
Note: 1. Necessary for preventing the three-phase shift register from racing. 


2. t..must satisfy the DR and DL input hold time (t,,, ,) of the next horizontal driver. 


(tet tino > tip 
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texcx 


0.7Vec 
0.3Ve¢ 


toexcx 


ae | 


ter 





0.3Vec 





Figure 28 Three-Phase Clock Timing 
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DL 
DR 
(OUTPUT) 


DL 
DR 
(INPUT ) 





Figure 29 Input and Output Timing 


X 0.7Vec 
LN 0.3Vo¢ 
toor 
90% (Vin=Vee—3.5V) 


Di~D120 








Figure 30 OE, FD Input Timing, Driver Output Timing 
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(TFT-Type LCD Driver for VDT) 


Description 


The HD66310T is a drain bus driver for TFT-type 
(thin film transistor) LCDs. It receives 3-bit digital 
data for one dot, selects a level from eight voltage 
levels, and outputs the level to an LCD. 


The HD66310T can drive an LCD panel with an 
RGBW filter to display a maximum of 4096 
colors. 


Features 


¢ Full color display: a maximum of 4096 colors 
RGB color.filter: 512 colors, 8 gray scales 
RGBW color filter: 4096 colors, 8 gray scales 


¢ High-speed operation 
Number of input data bits: 3 bits x 4 

‘Maximum operation clock frequency: 
— 12 MHz (HD66310T**12) 
— 15 MHz (HD66310T** 15) 
Maximum pixels: 480 x 640 dots 

¢ 160 internal driver circuits 

¢ Bidirectional shift 

¢ Internal chip enable signal generator 

¢ Stand-by function 

¢ LCD driving voltage: 15 V to 23 V 

¢ CMOS process 

* Package: 203-pin TCP 


Available in TCP packaging only. 
Recommended for high volume applications only. 


Difference between HD66310T**12 and HD66310T**15 


Item | HD66310T**12 HD66310T**15 

Maximum operating clock frequency 12 MHz | 15 MHz 

Power supply for logic unit 5 V +10% 5 V+5% 

Operating temperature —20 to +75°C —20 to +65°C 
HITACHI 
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Pin Arrangement 


Y2 Y4 Y6 Y8 _ Y¥154 Y156 Y158 Y160 
Y1_Y3_Y5_Y7 Y183 _Y155 Y157 Y159 


(Top view) 


Note: This does not apply to TCP dimensions. 





Pin Description 








Pin List 

Pin Name Number of Pins Input/Output Functions (Refer to) 

Vec1, Vec2 2 Power supply 1; 

GND 1 Power supply 

Vee 1 Power supply 

VOL-V7L, 16 | Power supply 2. 

VOR-V7R 

CL1 1 Input 3. 

CL2 | 1 Input 

Doo, D10, D20, 12 . Input 5. 

Dea, D13, D23 

RVS 1 Input 6 

SHL 1 Input 7. 

ElO1, El02 2 Input/output 8 

TEST, BS 2 Input 9. 

Y1-Y160 160 Output | 10. 

DMY0-—DMY2 3 — 11. 
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Pin Functions 


1. Vecl, Vec2, GND, Veg: These pins are used 
for the power supply. 


Vcc—-GND: Power supply of low voltage 
Vcc—Veg: Power supply of high voltage 


2. VOL-V7L, VOR-V7R: 8-level LCD driving 


voltage is applied to these pins. One of the eight 


levels is selected according to the value of the 3-bit 
input display data. The L and R pins of the same 


voltage level are connected in the driver. 


3. CL1: Inputs clock pulses, which determine the 
output timing of the LCD driving voltage. The 
output changes at the CLI rising edge. 


4, CL2: Inputs clock pulses, which determine the 
input timing of display data. The driver samples 


data at the CL2 falling edge. 


Table 1 Voltage Level Selection According to Display Data Value 


Display Data 
D2} D1j Do 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 


Voltage Level 


VS =1 RVS = 0 
Vo V7 
V1 V6 
V2 — V5 
V3 V4 
V4 V3 
V5 V2 
V6 v1 
V7 Vo 








Figure 1 Power Supply for the Device 
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5. D00-D03, D10-D13, D20-D23: Input display 
data. See table 1 for the voltage level selection by 
the display data. 


6. RVS: Determines if logical I/O display data is 
reversed. Display data is reversed when RVS is 
low. 


7. SHL: Selects the shift direction of display data. 


8. EIO1, EIO2: Inputs/outputs chip enable sig- 
nals. The SHL signal selects which pin is for input 


Table 2 Input/Output Selection for EIO1 and 


EIO2 
SHL EIO1 EIO2 
GND Input Output 
Voc Output Input 


HD66310T 


or Output. When the chip enable input signal is 
low, data input starts. When display data corre- 
sponding to 160 outputs are input, the chip enable 
output signal changes from high to low. 


9. TEST, BS: Used for test purposes only. 
Connect to a low level for normal operation. 


10. Y1-Y160: Output LCD driving signals. 


11, DMY0-DMY2: Reserved pins that should be 
left open. 


- (12 bits) 


(12 (ame 


d03, d13, d23 
d02, d12, d22_ 


Y4 


Y157 
Y158 


d01, d11, d21 
doo, d10, d20 


| 





Figure 2 Display Data and Output Direction 
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Internal Block Diagram 


Yi56 Y158 Y160 
Y1 Y2Y3Y4 Y5 Y157 Y159 


VOL, ViL 
V2L, V3L 
; . VOR, V1R 
V4L, V5L LCD driving circuit V2R, V3R 
V6L, V7L 7 | V4R, VSR 
Vect. Veo? V6R, V7R 
GND ———— 


Vee Level shifter 


> Test circuit 
resto 
RVS i eens 
: —S 


BS 
Data reverse SF 
circuit Latch circuit (1) 


D00, D10, D20 ig 
pege basen ere TTP 

Dot, O11, 21 Hoo 

Bos BIS Ee 

a 
SHL 


CL2 D> Latch address selector 
EIO1 
en 


1/O control 
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Block Functions 


Latch Address Selector: Contains a 6-bit up/ 
down counter and a decoder, and sends the latch 
signals to latch circuit (1) at the CL2 falling edge. 


Data Reverse Circuit: Reverses the input display 
data when RVS = 0, and does not reverse data 
when RVS = 1. 





Latch Circuit (1): Consists of three planes of 
160-bit latch circuit. Each bit of 3-bit data is sepa- 
rately latched in its corresponding plane depending 
on its significance. Each plane is divided into 
forty 4-bit blocks, and all four bits are latched into 
the block at once, as specified by the latch signal 
from the address selector. In total, the 3-plane cir- 
cuit latches 12 bits of data at one time. 


HD66310T 


Latch Circuit (2): Consists of three planes of 
160-bit latch circuit, which latches the data from 
latch circuit (1) at the timing determined by CLI, | 
and holds the data for one line scanning period. 


Level Shifter: Raises the driving voltage of 5 V 
to the appropriate LCD driving voltage. 


LCD Driving Circuit: Outputs an 8-level LCD 
driving voltage. This circuit receives 3-bit data for 
one dot from latch circuit (2) and selects one level 
from eight voltage levels. 


Test Circuit: Generates test signals. 
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System Configuration . 

A pied continnniada of the TFT-type color dis- 
3. | 
The HD66310 receives 3-bit data for one pixel cn 


selects one of the eight LCD driving voltage levels 
to send to the LCD. The LCD driving output 


play system using the HD66310 is shown in figure © 


| circuit, which is produced by the CMOS structure, 


can use any LCD driving voltage level from Vcc 
to Veg. When the LCD panel uses an RGB color 
filter (the Triad arrangement), 512 (83) colors can 
be displayed. When using an RGBW color filter 
(the Quad arrangement), 4096 (84) colors can be 
displayed. 





CPU 


if 


Control signal ears x 4 enon 
Controller | Display data 


Frame synchronization signal, 
line synchronization signal 


| HD61105 
No. 1 






ee 
_ 1 
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Line synchronization signal, data sampling signal, 
3 alternating signal 
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Figure 3 TFT-Type Multiple Color Display System 
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Internal Operation 
8-Level Output 


The HD66310 internal circuit unit for one data out- 
put is shown in figure 4. The circuit receives 3-bit 
data (D0j, D1j, D2j) and selects one of eight volt- 
age levels (VO-V7) to output to the LCD. 


The transfer gates of the output circuit are pro- 
duced by the CMOS structure. Therefore, any 
voltage level between Vcc to Veg can be applied 
to lines VO to V7. 


The HD66310 has 160 of the above circuits. 
Operation Timing 


The HD66310 operation timing is shown in figure 
5. 


When the SHL signal is at the GND level, data 
input is started by a low EIO1 (data input enable) 













VO 


(DOj) 





Voltage level selector 


CL1 Latch circuit (2) 
CL2 Latch circuit (1) | 


Display data 
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signal. At the CL2 falling edge, 12 bits of data, 
which are for four outputs (3 bits for gray scales x | 
4 outputs), are input together. When the data input 
corresponding to 160 outputs are completed, the 
HD66310 automatically enters the stand-by mode, 
and the EIO2 signal changes to low. 


The LCD driving output changes at the CL1 rising 
edge. The voltage level selected by data d1 is out- 
put from pin Y1, and the level selected by d160 is 
Output from Y160. See table 1 for the voltage 
level selection by the input data. 


When the SHL signal is at the Vcc level, data 
input is started by a low EJO2 signal. When the 
data input for 160 outputs are completed, the EJO1 
signal changes to low. The voltage level selected 
by data dl is output from pin Y160, and the level 
selected by d160 is output from Y1. 





| Display data 
(D4)) 


Display data 
(D2j) 





Figure 4 LCD Driving Circuit 
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Figure 5 Basic Operation Timing Chart 
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Cascade Connection 


When the SHL signal is at the GND level, the 
HD66310 begins to input data when the EIO1 sig- 
nal goes low. When the data input is completed, 
the EIO2 signal changes to low. By connecting the 
EIO2 pin of the first HD66310 to the EIO1 pin of 
the next HD66310, the low EIO2 signal activates 


Driver 1 
EIO2 


Driver 2 


Figure 6 Chip Enable Operation (SHL = GND) 
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the next HD66310. Figure 6 shows a connection 
example. 


When the SHL signal is at the Vcc level, the EIO2 
pin of the first HD66310 is connected to GND, and 
the EIO1 pin is connected to the next HD66310 
EIO2 pin. | 


Driver 3 


ElO2 Elo2 


Driver 2 
signals 
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LCD Driving Power Supply Circuitry 
Multiple-Level Driving Voltage Method 


AC voltage must be applied to the LCD, since DC 
voltage deteriorates the LCD. To display eight 
gray scales, 16 voltage levels, shown in figure 7, 
must be applied. 


Although the HD66310 has eight LCD driving 
voltage input levels, it can output 16 driving volt- 
age levels using the level selector shown in figure 
8, since the transfer gates of the output circuit are 
produced by the CMOS structure. 


External Power Supply Circuitry 


Figures 8 and 9 show the external power supply 
circuit when displaying 512 colors in the Triad 





arrangement, and figure 10 shows the circuit for 
displaying 64 colors in the Triad arrangement. 
Table 3 shows the specifications of the LCD panel 
and the HD66310 pins for each power supply cir- 
cuit. | 


The circuit shown in figure 8 is the basic one used 
when displaying 512 colors in the Triad arrange- 
ment. However, the HD66310 can dispense with 
the level selector, as shown in figure 9, using the 
internal RVS (output reverse) pin. See table 1 for 
detailed RVS functions. 


When displaying 64 colors in the Triad arrange- 
ment, the RVS pin functions as the altemating sig- 
nal input pin, as shown in figure 10. 





Figure 7 HD66310 Output Waveform 
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Table 3 Color Display and Pin Specifications 
Display Data 


Output aC RE TE REE A Power Supply 
Level Panel Spec. Di2 Dit Dio RVS pin (Refer to) 
8x2 Quad: 4096 colors 1/0 1/0 1/0 1 Fig. 8 

(AC) Triad: 512 colors (upper bit) (lower bit) 

8x2 Quad: 4096 colors 1/0 1/0 1/0 Alternating Fig. 9 

(AC) Triad: 512 colors (upper bit) (lower bit) signal 

4x2 Quad: 256 colors 1 1/0 1/0 Alternating Fig. 10 

(AC) Triad: 64 colors (upper bit) (lowerbit) — signal 


1: Vec level voltage 
0: GND level voltage 


Alternating 
signal 


V1, Vi6 
V2, V15 
V3, V14 
V4, V13 
V5, Vi2 
V6, V11 


V7, V10 
Level 


selector V8, V9 


VecQ) 


aah 


ai 
= RGEEEE 
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Figure 8 External Power Supply Example 1 
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_ Alternating 
signal 





Figure 9 External Power Supply Example 2 


Alternating 
signal 





Figure 10 External Power Supply Example 3 
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Design for Timing 


When using the RVS pins to simplify the power 
source, as shown in figures 9 and 10, it is recom- 
mended to add a vertical retrace period, (a scan- 
ning period in which no scan electrode is selected) 
at the end of a frame scanning period, as shown in 
figure 12, for the following two reasons. 


As shown in figure 4, the data reverse circuit is 
before the latch circuit (1). The LCD driving 
Output is reversed one CLI period after a 


HD66310T 


11. However, the power supply lines immedi- 
ately reverses polarity after a transition of the 
RVS signal, as shown in figures 9 and 10. 
Therefore, the HD66310 outputs invalid data 
during the last CL1 of a frame period. 


In the power supply circuits shown in figures 9 
and 10, voltage temporarily becomes unstable | 
just after the RVS transition, causing the LCD 
display to become jumbled. 


transition of the RVS signal, as shown in figure 


LCD output 





Figure 11 RVS and LCD Driving Signals Timing 
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Figure 12 Vertical Retrace Period 
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LCD panel 


Number of colors: 512 
Color arrangement: Triad type 

Display capacity: 480 x 640 dots 
IC for scanning: HD61105 


Frame synchronization signal 
Line synchronization signal 












Data fetch signal 
Display data (even number) 
Display data (odd nurnber) 

- Alternating signal 















Controller 


No. 12 TEST, BS, SHE 
ale __ pis L1CL2 7 | vo-v7 GN 


Vee © 


Notes: 1. An operational amplifier should be installed on each level of the power supply line (VO-V7) to lower the impedance. 
2. Condensers should be installed near the ICs to stabilize the power supply voltage. 
Two 0.1-F condensers are recommended to be installed on one IC: one between V_, and GND, and one between Vc¢- and Vee. 
3. This system uses 12 HD66310T chips and 12 HD61105 chips. 


Figure 13 Application System Connection Example 


yl ams ‘joued QD 10j09-Z1¢ “IOp-0F9 x O8r 
B JOJ uoneordde LOIE990H ue sMOUS ¢][ BMBL 


"uraysAs oy} JOJ JeYyd Suu uonerodo ou) smoys 


uoyeoyddy 


LOTE99qH 





IHOW.LIH 


Se a ree ee INO MAING PONOG eee aa —— 


Frame synchronization 
signal 





Vertical 


ste plea Line 1 [Line t Line 2 € Line3 [Li _. “1 Line 480 retrace period 


Alternating signal | 
‘ a 100 EE ee 


Scanning 
electrodes X2 


“ene a 
X3 
x40 == 
HDs6310T Y1-Y160 — eS —~— ye: 
yA One line period a 
Line synchronization 
signal 


Datafetch signal FUTULALTUTLILILUILUULTLLLU ~~ SUPP 
Display dota | 01 TITTIIIIII LILI LLL ~~ ttt Tt 
12 bit 





O0E8-68S (Sir) * BLSL-SOOKE VO ‘aUeqsig ¢ AMY ld 212IS-Q00Z © PZB YORI © Py] “BOVEY 1ydeIIH 


606 





Figure 14 Timing Chart 
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‘Absolute Maximum Ratings 


Item Symbol 
Power supply for Voc 
logic unit oe 

Power supply for VEE 
LCD driving unit 
Input voltage (1) V44 
Input voltage (2) Vr2 
Operating temperature Topr 
Storage temperature Ty 


Ratings Unit Notes 


0.3 to +7.0 YN 2 
Voc - 25 to Voc + 0.3 V 

-0.3 to Voc + 0.3 V 2,3 
Veg — 0.3 to Voc + 0.3 \\ 

-20 to +75 (HD66310T""12) °C 

-20 to +65 (HD66310T""15) 

~—40 to +125 °C 


Notes: 1. Exceeding the absolute maximum ratings could result in permanent damage to the LSI. The 
recommended operating conditions are within the electrical characteristic limits listed on the 
following pages. Exceeding these limits may cause malfunctions and affect reliability. 

2. Values areinreferencetoGND=O0V. 
3. Applies to input pins SHL, CL1, CL2, BS, RVS, TEST, and DO0—D23. Also applies to input/ 
output pins EIO1 and ElO2 when these pins function as input pins. 
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Electrical Characteristics 


DC Characteristics 
(Vcc = +5 V 10%, GND = 0 V, Voc — Veg = 15 to 23 V, T, = -20 to +75°C in 12 MHz version) 
(Vcc = +5 V 5%, GND = 0 V, Voc — Veg = 15 to 23 V, T, = —20 to +65°C in 15 MHz version) 


Item Symbol Min. Typ. Max. Unit Test Conditions Notes 
LCD driving power = Voc- Veg | 23 V 1 
supply voltage 

Input high-level Vin 0.8 x Veco Voc V 2 
voltage 

Input low-level Vit 0 0.2xVoco V 2 
voltage | 

Output high-level Vou Voc — 0.4 V loy = -0.4 mA 3 
voltage ; 

Output low-level VoL 0.4 V lop = 0.4 mA 3 
voltage | 

Input leakage ly -5.0 +5.0 pA Vin=VoctoGND 4 
current (1) 

Input leakage lo -10 +10 yA Vin=VectoGND' 5 
current (2) 

Input leakage ls —100 +100 pA Vn=VoectoVer 6 
current (3) 7 

LCD driver on RON 2.5 kQ. Vec = Veg =20V 7 
resistance | | 

Current —Ip; | 25 mA Data fetch 12 MHz_ 8, 10 
consumption (1) - 30 mA Data fetch 15 MHz 
Current —Ipo 2 mA Stand-by 12 MHz 8, 10 
consumption (2) 2.5 mA Stand-by 15 MHz , 
Current —Ipg 3 mA 12 MHz 9,10 
consumption (3) : 3.7 mA ~~ 15 MHz 


Notes: 1. Voltage between Voc and Veg. __ 

Applies to CL1, CL2, SHL, Dij, RVS, ElO1 (input), ElO2 (input), TEST, and BS. 

Applies to ElO1 (output) and ElO2 (output). 

Applies to CL1, CL2, SHL, RVS, Dij, TEST, and BS. 

Applies to ElO1 (input) and ElO2 (input). 

Applies to VOL to V7L and VOR to V7R. 

Applies to Y1 to Y160. 

Current between Voc and GND under the conditions of Vix = Voc, Vit = 0 V, and no load on the 

output pins. 

9. Current between Voc and Veg under the conditions of Vi4 = Voc, Vi, = 0 V, and no load on the 
output pins. 

10. fops and fo, are 15 MHz, 37.5 kHz respectively in 15 MHz version. 
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AC Characteristics © 


(Vcc = +5 V +10%, GND = 0 V, T, = -20 to +75°C in 12 MHz version) 
(Vcc = +5 V+5%, GND = 0 V, T, = —20 to +65°C in 15 MHz version) 


Item Symbol ‘Min. Typ. Max. 
Clock period tevc 83 (66) 
Clock high-level towH 30 (23) 
pulse width 
Clock low-level tow. 30 (23) 
pulse width 
Clock rise time ta 10 (10) 
Clock fail time te 10 (10) 
Clock setup time tsy 100 (100) 
Clock hold time tH 100 (100) 
Data setup time tosu 20 (10) 
Data hold time tou 30 (25) 
Enable input tesu 20 (10) 
setup time 
Enable output tep 53 (46) 
delay time 
-CL1 high-level twH 100 (100) 

pulse width 
RVS setup time trsu 50 (50) 
RVS hold time try 50 (50) 
Data in ( ) is the characteristics in 15 MHz version. 
Notes: 1. Applies to CL2. 

2. Applies to CL1 and CL2. 

3. Applies to Dij and CL2. 

4. Applies to EIO1, ElO2, and CL2. 

5. Appliesto CL1. | 

6. Applies to RVS and CL2. 
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ns 
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ns 
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ns 
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ns 
ns 
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ns 


ns 
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Test Conditions Notes 
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See figure 16 
for test load 
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Figure 15 Timing Chart 
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Figure 16 Test Load 
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Column Driver 


Description | Features 


The HD66110T, the column driver for a large ° 186-pin TCP 
liquid crystal display (LCD) panel, features as = * CMOS fabrication process 
many as 160 LCD outputs powered by 160 © High voltage 


internal LCD drive circuits, and a high duty cycle. — LCD drive: 28-40 V 

This device can interface to various LCD - ~©° Highspeed 

controllers by using an internal automatic chip — Maximum clock speed: 12 MHz 
enable signal generator. Its strip shape enables a 4- and 8-bit data bus interface 


Display off function 
Standby function 
Various LCD controller interfaces 
_ — LCTC series: HD63645, HD64645, 
HD64646 | 
— LVIC series: HD66840, HD66841 
— CLINE: HD66850 


slim tape carrier package (TCP). 


- Pin Arrangement 


Note: This is just an example of TCP; other TCP shapes are also possible. 
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Pin Description 


Symbol 

Vec 

GND 

Vico 

V1 

V2 

V3 

V4 

CL1 

CL2 

M 

Do-D7 

SHL 

EV/01, EV/02 
DISP 

BS 

TEST1, TEST2 
Y1-Yi60 


Pin No. 
175 

186 

164 

166 

162 

165 

163 

179 

178 

180 
167-174 
183 

177, 176 
181 

184 

182, 185 
1-160 


Pin Name 
Vec 

GND 

Viep 

v1 

V2 

V3 

V4 

Clock 1 

Clock 2 

M 

Data 0-data 7 
Shift left 
Enable IO 1, enable lO 2 
Display off 


Bus select 


Test 1, test 2 


Y; -Y; 60 
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Input/Output 


Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input/output 
Input 
Input 
Input 
Output 
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Classification 


Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 


Control signal 


LCD drive output 
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Pin Functions 


Power Supply 


| Vcc» Vicp» GND: Voc - GND supplies power to 
the internal logic circuits. Vicp — GND supplies 
power to the LCD drive circuits. See figure 1. 


V1, V2, V3, V4: Supply different levels of power 
to drive the LCD. V1 and V2 are selected eee 
and V3 and V4 are non-selected levels. 


Control Signals 


CLI: Inputs display data latch pulses for latch 
circuit 2, Latch circuit 2 latches display data input 
from latch circuit 1, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 


CL2: Inputs display data latch pulses for latch 
circuit 1. Latch circuit 1 latches display data input 
via Do-D7 at the falling edge of each CL2 pulse. 


M: Changes LCD drive outputs to AC. 


Do-D7: Input display data. High-voltage level 
(Vcc level) of data corresponds to a selected level 

~and turns an LCD pixel on, and low-voltage level 
(GND level) data corresponds to a non-selected 
level and turns an LCD pixel off. 


SHL: Shifts the destinations of display data 
Output, and determines which chip enable pin © 


(EI/O1 or EI/O2) is an nee and which is an 


output. See figure 2. 


-EW/O1, El/O2: If SHL is GND level, EI/O1 inputs 


the chip enable signal, and EI/O2 outputs the 
signal. If SHL is Vcc level, EI/O1l outputs the 
chip enable signal, and EI/O2 inputs the signal. 
The chip enable input pin of the first HD66110T 
must be grounded, and those of the other 
HD66110Ts must be connected to the chip enable 
Output pin of the previous HD66110T. The chip 
enable output pin of the last HD66110T must be 


open. 





DISP: A low DISP sets LCD drive outputs 
Y1-Y160 to V2 level. 


BS: Selects either the 4-bit or 8-bit display data 
bus interface. If BS is Vcc level, the 8-bit bus is 
selected, and if BS is GND level, the 4-bit bus is 
selected. In 4-bit bus mode, data is latched via 
Do-D3; D4-D7 must be grounded. 


TEST1, TEST2: Used to test the LSI, and must 


be connected to Vcc level. 
LCD Drive Output 


Y,-Y160: Each Y outputs one of the four voltage 
levels V1, V2, V3, or V4, depending on a 
combination of the M signal and display data 

levels. See figure 3. | | 





Figure 1 Power Supply for Logic and LCD Drive Circuits 
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SHL = GND, BS = GNC 


Y1 Y153 Y155 Y157 Y159 
Y154 Y156 Y158 Y160 


EV/01: chip enable input 


1 Seat | barreeonaeell data 
. ElV/O2: chip enable output 





SHL = Vcc, BS = sa 


Y153 Y155 Y157 Y159 
Y154 Y156 Y158 Y160 


EI/O1: chip enable input 


reseed st data 
: EI/O2: chip enable output ist eee 





SHL = GND, BS = Vcc 


Y1 Y153 Y155 Y157 Y159 


| Y154 Y156 Y158 Y160 





a alt 


1st data EI/O1: chip enable output Last data 
El/O2: chip enable input 





SHL = Vcc, BS = Vcc 
Y153 Y155 Y157 Y159 


Y2 Y6 Y154 Y156 Y158 Y160 
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Last data — EI/O1: chip enable output 1st data 
EV/O2: chip enable input 





Figure 2 Selection of Destinations of Display Data Output — 
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Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 


The 160-bit LCD drive circuit generates four 


voltage levels V1, V2, V3, and V4, for driving an. 
LCD panel. One of the four levels is output to the 


corresponding Y pin, depending on a combination 
of the M signal and the data in the latch circuit 2. 


Level Shifter 


The level shifter changes 5-V signals into high- . 


voltage signals for the LCD drive circuit. 
Latch Circuit 2 | 


160-bit latch circuit 2 latches data input from latch 
circuit 1, and outputs the latched data to the level 
shifter, both at the falling edge of each clock 1 
(CL1) pulse. 


Block Diagram 


P| Latch circuit 1 


Do—D7 Data shifter SSS 


SHL ae 


CL2 


El/O1 
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. Latch Circuit 1 


160-bit latch circuit 1 latches 4-bit or 8-bit parallel 
data input via the Do to D7 pins at the timing 
generated by the shift register. 


Shift Register 


The 40-bit shift register generates and outputs data 
latch signals for latch circuit 1 at the falling edge 
of each clock 2 (CL2) pulse. 


Data Shifter 


The data shifter shifts the destinations of display 
data output, when necessary. 


Test Circuit 


The test circuit divides the external clock pulses 








and generates test signals (TEST1 and TEST2). 


Y1—Y160 


——————— JF | 


Shift register 


EI/O2 
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Comparison of the HD66110T with the HD66107T 


Item 

Common LCD drive circuits 
Column LCD drive circuits 

LCD drive voltage range 
Speed 

Clock hold time (tyc,) definition 


Test pin level at normal operation 
Display off function 
TCP shape 


HD66110T 
Not provided 
160 | 
28 to 40 V 
12 MHz 


From the falling edge of CL1 to 
the rising edge of CL2 (figure 1) 


Vec 
Provided 
Can be thin 


HD66107T 
160 

160 or 80 
14to 37 V 
8 MHz 


From the falling edge of CL1 to 
the falling edge of CL2 (figure 1) 


GND 
Not provided 
Cannot be thin 


cl. —— 
CL2 + boo wae \__ 


HD66110T 


HD661 07T 





Figure 4 tyc, Definitions of the HD66110T and HD66107T 
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Operation Timing 
4-Bit Bus Mode (BS = GND) 


Figure 5 shows 4-bit data latch timing when SHL 
= GND, that is, the EI/O1 pin is a chip enable 
input and EI/O2 pin is a chip enable output. When 
SHL = Vcc, the EI/O1 pin is a chip enable output 
and EI/O2 pin is a chip enable input. 








When a low chip enable signal is input via the 
EI/O1 pin, the HD66110T is first released from 
data standby state, and, at the falling edge of the 
following CL2 pulse, it is released entirely from 
standby state and starts latching data. - 





HD66110T 


It simultaneously latches 4 bits of data at the 
falling edge of each CL2 pulse. When it has 
latched 156 bits of data, it sets the EI/O2 signal 
low. When it has latched 160 bits of data, it 
automatically stops and enters standby state, 
initiating the next HD66110T, as long as its EI/O2 
pin is connected to the EI/O1 pin of the next 


as 


The HD66110Ts output one line of data from the 
Y1—-Y 160 pins at the falling edge of each CL1 
pulse. Data d; is output from Y,, and dj¢9 from 
Y1i69 When SHL = GND, and d, is output from 
Y160> and dié60 from Y) when SHL = Vcc: 
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HD66110T 








1 line 


i 

H 

3 

| ; 

cla TEELSLITL r r] 2s 
— $F 4° 2 8 39} 40} 41 42 1591160} 161 } 

: pf i | i 

: ; i —_ 

DO i Xd4 Ads Ad12. <== pik sa 
— 
Ds “1Xei Nes Neo apgsOS - SpE | | 


f H 

rc fi f | ' 

CL1 : t t 

EV/O2 | —_— 
~ (No. 1 ; HD66110T no. 1 ot 
H latches data | 
H 5 
EVO2 _— | 
(No.2) } HD66110T no. 2 f 
latches data 

EV/O2 . ae) 
(No.3) } HD66110T no. 3 | { 
latches data 

EVO2 

(No. 4) HD66110T no. 4 


latches data. 


2 eae Cee nein Inne nae men, SE RaMNNMENR: ales 


an 
Maser ewnaa Saseeueeanenes 


Note: SHL=GND 


Figure 5 4-Bit Data Latch Timing (SHL = GND) 
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HD66110T 


8-Bit Bus Mode (BS = Vcc) When SHL = Vcc, the EI/O1 pin is a chip enable 
output and EI/O2 pin is a chip enable input. 





Figure 6 shows 8-bit data latch timing when SHL 

= GND, that is, the EI/O1 pin is a chip enable | The operation is the same as that in 4-bit bus mode 

input and EI/O2 pin is a chip enable output. except that 8 bits of data are latched © 
simultaneously. 








—_ 
= 
@ 








CL2 seanaee | | | | | | | sanenene | | | | | | | | | | 
2 1 2 38 193 20} 21 22 79} 803 81 : 
: } : H i : 
bof tof 
DO tXd8 Xd1GXd24. -weeees 164 XK eseeees 
i ff ff 
a oe ff : i i | 
07 aneXer ~~ ICO : 
: : 4 ae ; 
; | yt 
: ; Uf fg : 
fot ff 
EVO2 ees 
(No. 1) HD66110T no. 1 4 
latches data i 
EV/O2 pf 
Nee) HD66110T no. 2 a 
latches data ff ; 
EVO2 | foe 
(No. 3) HD66110T no. 3} } 
| latches data ff ; 
EV/O2 <—|-» _ 
Nee) | —-HD66110T no. 4} 
| latches data — 
i gna ae Ie ara ee ea ETN ENOINNN) (orth 
: 7 
Note: SHL =GND 


Figure 6 8-Bit Data Latch Timing (SHL = GND) 
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HD66110T 
Application Example 


'  $6g639 
809638 





LCD panel of 640x 480 dots; 
1/480 duly cyde 


LCD controlier 


Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/20 bias, R1 and R2 must be 3 kQ and 48 kQ, respectively. That 
is, R1/(4 * R1 + R2) should be 1/20. | 


2. To stabilize the power supply, place two 0.1-uF capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vicp and GND pins. 


3. The load must be less than 30 pF between the El/O2 and El/O1 connections of 
HD66110Ts. 
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Absolute Maximum Ratings 


Item | Symbol _ Rating Unit Note 
Power supply voltage for logic circuits Vec —0.3 to +7.0 V 1,5 
Power supply voltage for LCD drive circuits Vico - —0.3 to +42 V 1,2,5 
Input voltage 1 Vr4 ~0.3 to Voc + 0.3 V 1,3 
Input voltage 2 Vro —0.3 to Vicp + 0.3 V 1,4 | 
Operating temperature Topr —20 to +75 — 8S 

Storage temperature T stg —40 to +125 °C 


Notes: 1. The reference point is GND (0 V). 
. Indicates the voltage between GND and Vi cp. 
. Applies to input pins for logic circuits, that is, control signal pins. 


. Applies to input pins for LCD drive level voltages, that is, V1—V4 pins. 


of, @® fh 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 


Electrical Characteristics 


DC Characteristics (Vcc = 5 V+ 10%, Vigne GND = 28 to 40 V, and T, = —20 to +75°C, unless 
otherwise noted.) | 


Item Symbol Pins Min. Max. Unit Condition | Note 

Input high voltage Vin 1 0.8xVec Vec V 

Input low voltage - Vit 1 0 02xVeco V 

Output high voltage Vou 2 Veco -04 — Vv lon = —0.4 mA 

Output low voltage Vo. 2 _— 0.4 V lo, = 0.4 mA 

Vi-Yj on resistance Ron 3: —_ 3.0 kKQ lon = 150 pA 1 

Input leakage current 1 lus 1 -5.0 5.0 pA Vin = Voc to GND 

Input leakage current2 Ino 4 ~100 100 uA  =Vin= Vicp to GND. 

Current consumption 1 loc — — 5.0 mA foro= 12 MHz 2 
foL, = 28 kHz 

Current consumption 2 licp — _ 3.0 mA Same as above 2 


Current consumption3 — Ist — —_ 0.7 mA Same as above 2,3 


Pins and notes on next page. 
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HDESHOT 


Pins: 1. CL1, CL2, M, SHL, BS, EV/O1, El/O2, . ~ V1 and-V3 should be near Vicp level, 


, TESTI, TEST2, Do—D7 and V2 and V4 should be near GND 
EVO1. EVO? level (figure 7). All voltage must be 
eee re ee | | within AV. AV is the range within 
3. Y4-Yigo, V1-V4 | a -_ which RON, the LCD drive circuits’ 
4. Vi-V4 output impedance, is stable. Note that 
a | | AV depends on power supply voltage 
Notes: 1. Indicates the resistance between one— | — Viep- GND (figure 8). 
pin from Y;—-Y469 and another pin from , 
V1-V4 when load current is applied to 2. Input and output current is excluded. 
the Y pin; defined under the following When a CMOS input is floating, 
conditions. =, excess current flows from the power 
, supply through the input circuit. To 
Vico — GND = 40 V avoid this, V,. and V;, must be held to 
V4, V3 = Viep — {1/20(Vicp - GND)} Vec and GND levels, respectively. 
V2, V4 = Vicn + {1/20(Vicp — GND)} 3. Applies to standby mode. 


Level voltage rang: 


VLCD-GND (V) 





Figure 8 Relation between Vj, cp — GND and AV 
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AC Characteristics (Vcc = 5 V + 10%, Vucp — GND = 28 to 40 V, and T, =-20 to +75°C, unless 


otherwise noted.) 


Item 

Clock cycle time 

Clock high-level width 1 
Clock low-level width 
Clock high-level width 2 
Clock setup time 

Clock hold time 

Clock rise time 

Clock fall time 

Data setup time 

Data hold time 


M phase difference time 


Symbol 
tcyc 
towne 
towL2 
towH1 


tsc 
tHCL 


tr 
ty 
lps 
tou 
tom 


Pins 

CL2 

CL2 

CL2 

CL1 

CL1, CL2 
CL1, CL2 
CL1, CL2 
CL1, CL2 
Do-D7, CL2 
Dp—-D7, CL2 
M, CL1 


Min. 


83 
20 
20 
50 
100 
100 


20 
20 


Max. 


20 
20 


300 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Note: The load must be less than 30 pF between the El/O2 and EI/07T connections of HD66110Ts. 
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man tf | tCWL2 


CWH1 
| | 0.8Vcc 


0.2Vcc 
tSCL tHCL 





Figure 9 LCD Controller Interface Timing 
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HD66204 - 
(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 


Description Features 


— The HD66204F/HD66204FL/HD66204TF/HD «+ Duty cycle: 1/64 to 1/240 
66204TFL, the column driver for a large liquid ° High voltage 


crystal graphic display, features as many as 80 — LCD drive: 10-28 V 

LCD outputs powered by 80 internal LCD drive «+ High clock speed 

circuits. This device latches 4-bit parallel data — 8 MHz max under 5-V operation 
sent from an LCD controller, and generates LCD (HD66204F/HD66204 TF) 

drive signals. In standby mode provided by its — 4 MHz max under 3-V operation 
internal standby function, only one drive circuit (HD66204FL/HD66204 TFL) 


operates, lowering power dissipation. The © Display off function 
~HD66204 has a complete line-up: the HD66204F, «+ Internal automatic chip enable signal generator 
a standard device powered by 5 V + 10%; the © Various LCD controller interfaces 


HD66204FL, a 2.7-5.5 V, low power dissipation — LCTC series: HD63645, HD64645, 
device suitable for battery-driven portable HD64646 

equipment such as “notebook” personal computers — LVIC series: HD66840, HD66841 
and palm-top personal computers; and the — CLINE: HD66850 


HD66204TF and HD66204TFL, thin package 
devices powered by 5 V + 10% and 2.7-5S.5 V, 
respectively. 


_ Ordering Information 


Type No. Voltage Range Package 


HD66204F - 5V+10% 7 FP-100 (flat package) 

HD66204TF 5V+10% _ _TFP-100 (thin flat package) 

HD66204FL 2.7-5.5 V FP-100 (flat package) 

HD66204TFL 2.7-5.5 V TFP-100 (thin flat package) 
HITACHI 
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Pin Arrangement 





Y63 (7113 : 68] Y18 
Y64(114 67(_] Y17 
Y65 (115 -_ | 66[_] Y16 
yes(]lie | 65(_] Y15 
Y67£_]17 64[_] Y14 
Y68 (118 | 63[_] Y13 
Y69 [419 62L_]}] Y12 
Y70 C-]20 | 61] Y11 
Y71(CJ21 _ 60(__] Y10 
Y72(C]22 , | 59[_] Y9 
Y73(C]23 58(_] Ys 
Y74(Cl24 | 57(_] Y7 
Y75CJ25 | 56(_] Y6 
Y76 (126 55] Ys 
Y77 L_J27 54) Y¥4 
Y78[_]28 Y3 
¥79[J29. | , 52(_] Y2 


Y80(_}30 3 5it_] Y1 
~-~ NO TM OR DWDAHMDOFTANA OTN ORM DD OO 
OnMnNnonnnnanatrtyssytTtrvtt Hw 
HU DOQUUUUUUUUUUYUY Ue 

K~O FYuUSeKORZVA VOO MAX ONG 
ila BR SSHAZZE EN OS 
a 
Top view 
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Pin Description 


Symbol 


Voc 
GND 
VEE 
V1 
V3 
V4 
CL1 
CL2 
M 
Do-Ds 
SHL 
E 
CAR 


DISPOFF 


Y1-Ygo 
NC 


Pin No. 
40 

38 

35 

32 

33 

34 

37. 

49 

36 
48-45 

At 

31 

50 

39 
51-100, 1-30 
42, 43, 44 


Pin Name 
Vec 

GND 

VEE 

V1 

V3 

V4 

Clock 1 
Clock 2 

M 

Data 0-data 3 
Shift left 
Enable 
Carry 
Display off 
Y1-Y80 


No connection 


Input/Output 


Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Output 
Input 
Output 


HD66204 


Classification 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Control signal 


Control signai 


Control signal 


Control signal 
Control signal 
Control signal 
Control signal 


Control signal 


LCD drive output 
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Pin Puncdions 
Power Supply 
Vcc» Ver GND: Vcc-GND supplies power to 


the internal logic circuits. Ve@c—Vgg supplies 
power to the LCD drive circuits. 


V1, V3, V4: Supply different levels of power to — 


drive the LCD. V1 and Vgg are selected levels, 
and V3 and V4 are non-selected levels. See figure 


Control Signal 


CL1: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 


CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via Dg—-D3 at the falling aes of each 
CL2 pulse. 


M: Changes LCD drive outputs to AC. 


~Do-D3: Input display data. High-voltage level of 


data corresponds to a selected level and turns an 


LCD pixel on, and low-voltage level data 


corresponds to a non-selected level and turns an 
LCD pixel off. 


SHL: Shifts the destinations of display data 
eninye See figure 2. 


E: A low E enables the chip, and a high E disables 


the chip. 
CAR: Outputs the E signal to the next HD66204 if 


HD66204s are connected in cascade. 


DISPOFF: A low DISP sets LCD drive outputs 


Y1—-Ygo to V1 level. 
LCD Drive Output 


Y,-Ygo: Each Y outputs one of the four voltage 
levels V1, V3, V4, or Veg, depending ona 
combination of the M signal and display data 
levels. See figure 3. | 


NC: Must be open. 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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HD66204 


SHL = low 


SHL = higt 


ee 


Y output leve kK V4 | V1 | V3 | 


Figure 3 Selection of LCD Drive Output Level 
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Block Functions 


LCD Drive Circuit 


Controller: The controller generates the latch 


signal at the falling edge of each CL2 pulse for the © 


4-bit latch circuit. 


4-Bit Latch Circuit 


The 4-bit latch circuit latches 4-bit parallel data _ 


input via the Dg to D3 pins at the timing generated 
by the control circuit. 


Line Data Latch Circuit 


The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 


_ Block Diagram 


Level Shifter 


The level shifter changes 5-V signals into high- 


voltage signals for the LCD drive circuit. 
LCD Drive Circuit 


The 80-bit LCD drive circuit generates four 
voltage levels V1, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 


LCD drive circuit 


Se 


Level shifte: 


aaa 


. DISPOFF 


Line data latch circui 
CL1 Seen 


= 


4-bit latch circui 


4-bit latch circui 


~ Controller 3 
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Comparison of the HD66204 with the HD61104 


Item HD66204 HD61104 
Clock speed 8.0 MHz max. 3.5 MHz max. 
Display off function Provided Not provided 
LCD drive voltage range 10-28 V 10-26 V 
Relation between SHL and See figure 4 See figure 4 
LCD output destinations | 

Relation between LCD output See figure 5 See figure 5 
levels, M, and data 

LCD drive V pins V1, V3, V4 V1, V2, V3, V4 


(V2 level is the same as VEE level) 


ve NOTIN OR CO m™ANODTWM OF CO 
>> SH>H> >>> ) >> SH >> >>> 


PPPPPEPE 


SHL = high SHL = high 
HD66204 | HD61104 


Note the exact reverse relation for the two devices. 


OD pre ee ee a | 
o 1 


puget Or 


V V V V 
Y output leve jee ble te eS) Y output leve aL ole Sole —nta oI 


HD66204 | HD61104 





Figure 5 Relation between LCD Output Levels, M, and Data for the HD66204 and HD61104 
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Operation Timing 


c. 
5 
® 








latches data 


| : 
CL2 OVWIVIY eas WIV sets PWIVIY LY 
ji 2 8 19 20! 21 | | H 
i | : 
paso XXX — XOX | 
4 | — 
DU | 
pala XXX XO DOK 
CLI 
i : 1 : 
6 HY : a 
CAR i 
(No. 1) HD66204 no. 1 latches dat 
4 
‘ i 
can of 
(No. 2) HD66204 no. 2 
| | H 
CAR | | <—>| | 
(No. 3) HD66204 no.3} 
latches data 
CAR 
(No. n) | HD66204 no. n ; 
fo latches data : , 
H 1B 
¥1-Y8¢ 
| —; 
: | Z 
i 
HITACHI 


938 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Paint Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 





HD66204 


Application Example | 


V4 
v3 
1 
w 


Vv 
28 3e 





g 


LCD panel of 640 240 dots; 
1/240 duty cycle 





a 


FL 
CL 
Cc 


DISPOF 
18) 


LCD controfier 


Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 « R1 + R2) should be 1/15. 


2. To stabilize the power supply, place two 0.1-.F capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Voc and Veg pins. 


y 
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HD66204 
Absolute Maximum Ratings 


Item Symbol Rating Unit Note 


Power supply voltage for logic circuits Voc —0.3 to +7.0 V 1 
Power supply voltage for LCD drive circuits Vee | Voc — 30.0 to Ven + 0.3 «~V 

Input voltage 1 : Vr; -0.3 to Voc + 0.3 V 1,2. 
Input voltage 2 Vro Veg —0.3toVeo+03 V 1,3 
Operating temperature Topr —20 to +75 °C | 
Storage temperature T stg —55 to +125 °C 


Notes: 1. The reference point is GND (0 V). 

2. Applies to pins CL1, CL2, M, SHL, E, Do-D3, DISPOFF. 
3. Applies to pins V1, V3, and V4. 
4 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 


Electrical Characteristics 


DC Characteristics for the HD66204F/HD66204TF (Vcc = 5 V + 10%, GND = 0 V, Vcc — Vag = 10 
to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 


Item Symbol Pins Min. Typ. Max. Unit Condition Note 


Input high voltage Vin 1 O7xVeg — V V 
Input low voltage Vin 1 0 — 0.3xVoec V | 
Output high voltage | Vou 2 Veco -904 —- — V lon = -0.4 mA 
Output low voltage. Vo- 2 _ — 0.4 Vi Iq. =0.4mA 
Vi-Yj on resistance Ron 3 _ — 4.0 kKQ = loy = 100 pA 4 
Input leakage current1 In, 1 —1.0 — 1.0 WA Vin = Voc to GND 
Input leakage current 2 = Io | 4 —25 — 25 WA Vin = Voc to Veg 
Current consumption 1 lenp _ — — 3.0 mA feta = 8.0 MHz 2 

| | fol, = 20 kHz 

Veo — Veg = 28 V 
Currentconsumption2 Ice  — — 150 500 pA Same as above 2 
Current consumption 3 —Igt _ — — 200 HA Same as above 2,3 
Pins and notes on next page. 
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DC Characteristics for the HD66204FL/HD66204TFL (Vcc = 2.7 to 5.5 V, GND = 0 V, Voc — Veg = 
10 to 28 V, and Ta = —20 to +75°C, unless otherwise noted.) 


item Symbol Pins Min. Max. Unit Condition Note 
Input high voltage Vin 1 0.7xVoco Vec 
Input low voltage Vit 1 0 0.3xVceco V 
Output high voltage Vou 2 Vec-0.4 — V lou = —0.4 mA 
Output low voltage Vo. 2 — 0.4 V lop = 0.4 mA 
Vi-Yj on resistance Ron 3 — 4.0 kQ lon = 100 pA 1 
Input leakage current 1 hed 1 —1.0 1.0 pA Vin = Voc to GND 
Input leakage current 2 lio 4 -25 25 pA Vin = Voc to Veg 
Current consumption 1 Ienp — — 1.0 mA — foro = 4.0 MHz 2 
fous = 16.8 kHz 
iV = 35 Hz 
Vec = 3.0 V 
Checker-board 
pattern 
Current consumption 2 lee — _ 500 pA Same as above 2 
Current consumption 3 Ist — — 50 wA.. Same as above 2,3 
Pins: 1. CL1, CL2, M, SHL, E, Do-Ds, DISPOFF 
2. CAR 
3. Y;-Ygo, V1, V3, V4 
4. V1, V3, V4 


Notes: 1. Indicates the resistance between one pin from Y,;—Ygo and another pin from V1, V3, V4, and 
Veg, when load current is applied to the Y pin; defined under the following conditions. 


Voc - GND = 28 V 
V1, V3 = Voc — {2/10(Vec — Veg)} 
V4 = Veg + {2/10(Voc — Vee)} 


V1 and V3 should be near Vcc level, and V4 should be near Veg level (figure 6). All voltage 
must be within AV. AV is the range within which Roy, the LCD drive circuits’ output 
impedance, is stable. Note that AV depends on power supply voltage Voc—Ve_r (figure 7). 


2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vi and Vy must be held to Voc 
and GND levels, respectively. | 


3. Applies to standby mode. 
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VEE 


Figure 6 Relation between Driver Output Waveform and Level Voltages 


Level voltage rang 


10 © 28 
Vec-VEE (V) 





Figure 7 Relation between Voc — Veg and AV 
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AC Characteristics for the HD66204F/HD66204TF (Vcc = 5 Vt 10%, GND =0 V, and Ta = -20 to 
+75°C, unless otherwise noted.) 


Item Symbol Pins Min. Max. Unit Note 


Clock cycle time | tcyc CL2 125 — ns 
Clock high-level width 1 town CL1, CL2 45 — ns 
Clock low-level width towL CL2 45 —_ ns 
Clock setup time tscL CLi, CL2 80 — ns 
Clock hold time tc CL1, CL2 80 — ns 
Clock rise time t, CL1i, CL2 — Note 1 ns 1 
Clock fall time ty CL1, CL2 — Note 1 ns 1 
Data setup time tos Do-D3, CL2 20 — ns 
Data hold time tou Do—-D3, CL2 20 = . ns 
Enable (E) setup time tesy E, CL2 30 _— ns 
Carry (CAR) output delay time —tcar CAR, CL2 —_— 80 ns 2 
M phase difference time tom M, CL2 — 300 ns 


CL1 cycle time | tor CL1 tcyex50 8 — ns 


AC Characteristics for the HD66204FL/HD66204TFL (Vcc = 2.7 to 5.5V, GND = 0 V, and Ta = -—20 
to +75°C, unless otherwise noted.) 


Item | Symbol Pins Min. Max. Unit Note 


Clock cycle time tcyc CL2 250 — ns 
Clock high-level width 1 towH CL1, CL2 95 ooo ns 
Clock low-level width tow. CL2 95 gi: ee ns 
Clock setup time tsc CL1, CL2 80 — ns 
Clock hold time tucL CL1, CL2 80 — ns 
Clock rise time | th CL1, CL2 — Note 1 1 
Clock fall time’ ts 7 CL1, CL2 — Note 1 1 
Data setup time tos Do-D3, CL2 50 — ns 
Data hold time tou | Do-D3, CL2 50 — ns 
Enable (E) setuptime tesu E, CL2 65 — ns 
Carry (CAR) output delay time tcar — CAR, CL2 — 155 ns 2 
M phase difference time tom M, CL2 oo 300 ns 
CL1 cycle time tons CL1 ~ toyc x 50 — ns 


Notes: 1. t,, tp < (teyc — tewH — tew.)/2 and t,, t< 50 ns 
2. The load circuit shown in figure 8 is connected. 
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Figure 8 Load Circuit 
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Figure 9 LCD Controller Interface Timing 
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HD66205 


(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 


Description 


The HD66205F/HD66205FL/HD66205TF/HD 
66205TFL/HD66205T/HD66205STL, the row LCD 
driver, features low output impedance and as many 
as 80 LCD outputs powered by 80 internal LCD 
drive circuits, and can drive a large liquid crystal 
graphic display. Because this device is fabricated 
by the CMOS process, it is suitable for battery- 
driven portable equipment, which fully utilizes the 
low power dissipation of liquid crystal elements. 
The HD66205 has a complete line-up: the 
HD66205F, a standard device powered by 5 V + 
10%; the HD66205FL, a 2.7-5.5 V, low power 
dissipation device; the HD66205TF and 
HD66205TFL, thin film package devices each 
powered by 5 V + 10% and 2.7-5.5 V; and the 
HD66205T and HD66205TL, tape carrier package 
(TCP) devices powered by 5 V + 10% and 2.7-5.5 
_V, respectively. 


Ordering Information 


Features 


e Duty cycle: 1/64 to 1/240 
¢ High voltage 
— LCD drive: 10-28 V 
e Display off function 
e Internal 80-bit shift register 
e Various LCD controller interfaces 
— LCTC series: HD63645, HD64645, 
HD64646 
— LVIC series: HD66840, HD66841 
— CLINE: HD66850 


Package 


Type No. Voltage Range 
HD66205F 5 V+ 10% FP-100 (flat package) 
HD66205FL 2.7-5.5V FP-100 (flat package) 
HD66205TF 5V+10% TFP-100 (thin flat package) 
HD66205TFL 2.7-5.5V TFP-100 (thin flat package) 
HD66205T 5V+10% TCP-92 (tape carrier package) 
HD66205TL 2.7-5.5 V TCP-92 (tape carrier package). 
HITACHI 
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HD66205° 


Pin Arrangement 
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HD66205 





Pin Description 


Symbol Pin No. Pin Name Input/Output Classification 
Voc 40 Vec —_ Power supply 
GND 42 GND — Power supply 
VEE 34 Ver — Power supply 
V1 37 V1 Input Power supply 
V5 35 V5 Input | Power supply 
V6 36 V6 Input Power supply 
CL 46 _ Clock Input Control signal 
M : 44 | M Input Control signal 
DI 48 - Data in : Input Control signal 
DO 32 Data out Output Control signal 
SHL 41 Shift left Input | Control signal 
DISPOFF 39 Display off Input | Control signal 
X1—-Xgo 51-100, 1-30 X1—X80 Output LCD drive output | 
NC 31, 33, 38, 43, No connection = — 

45, 47, 49, 50 

_ HITACHI 
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: HD66205 
Pin Functions _ 


Power Supply = 


Voc» Veg» GND: Vec-GND: supplies power to the — 
internal logic circuits. Vcc—Vep supplies power to 


the LCD drive circuits. 


V1, V5, V6: Supply different levels of power to 
drive the LCD. V1 and Vgg are selected levels, 
and V5 and V6 are non-selected levels. See figure 
1. | 


Control Signal 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts display data input via the DI 
pin. | 2 


M: Changes LCD drive outputs to AC. 


DI: Inputs display data. DI of the first HD66205 
- must be connected to an LCD controller, and those 


of the other HD66205s must be connected to DI of 


the previous HD66205. 


DO: Outputs display data. DO of the last 
HD66205 must be open, and those of the other 


~HD66205s must be connected to DI of the next 


HD66205. 


SHL: Selects the data shiftt direction for the shift 


register. See figure 2. 


_ DISPOFF: A low DISP sets LCD drive outputs 


X\—Xg0 to V1 level. 
LCD Drive Output 
X,—Xgo: Each X outputs one of the four voltage 
levels V1, VS, V6, or Veg, depending on a 
combination of the M signal and display data 
levels. See figure 3. 


Other 


NC: Must be open. 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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HD66205 


| Common signa 
SHL level Data shift directior scan direction 


acer oe 
DI > SR80 SR79 > SR1 X80 > X1 


Figure 2 Selection of Display Data Shift Direction 





X output leve | V1 | V5 wad V6 | : | 


Figure 3 Selection of LCD Drive Output Level 
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HD66205 
Block Functions 
LCD Drive Circuit 


The 80-bit LCD drive circuit generates four 
voltage levels V1, V5, V6, and Vgr, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the shift register 


Level Shifter 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 


Block Diagram 


DISPOFF 


Shift Register 


The 80-bit shift register shifts data input via the DI 


_ pin by one bit, and the one bit of shifted-out data is 


output from the DO pin. Both actions occur 
simultaneously at the falling edge of each shift 


clock (CL) pulse 


X1-X80 


ee: 


LCD drive circuit 
a 
Level shiftel 


Shift register 
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HD66205 


Comparison of the HD66205 with the HD61105 


Item HD66205 HD61105 

Display off function Provided Not provided 

LCD drive voltage range 10-28 V 10-26 V 

Shift clock phase selection function Not provided Provided (FCS pin) 
Relation between SHL and See figure 4 See figure 4 

LCD output destinations | 

Relation between LCD output See figure 5 — See figure 5 

levels, M, and data 


LCD drive V pins V1, V5, V6 | V1, V2, V5, V6 
(V2 level is the same as Veg level) 


. Common signa 
SHL level Data shift directior scan direction 
DiI>SR1 »SR2 »SR80 X1—>> X80. 
igh | Di > SR80-> SR79 > SR1 X80 > X1 


~ HD66205 


| Common signa 

SHL level Data shift directior . scan direction 
DI > SR80>SR79> SR1 X80 > X1 
igh DI>SR1i »SR2 »SR80 X1 > X80 


HD61105 


Note the exact reverse relation for the two devices. 





Figure 4 Relation between SHL and LCD Output Destinations for the HD66205 and HD61105 


X output leve jr to} 2o/ES LVS X output leve CARO MANOA 
_HD66205 | HD61105 





Figure 5 Relation between LCD Output Levels, M, and Data for the HD66205 and HD61105 
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HD66205 


Operation Timing 


Figure 6 shows the operation timing for the Application Example. 
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Figure 6 Relation between SHL and LCD Output Destinations 
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HD66205 


Application Example 


LCO panel of 640« 240 dots; 
ty cycle 


1/240 du 





; 
LCD controller ; o 
a 


Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 * R1 + R2) should be 1/15. 


2. To stabilize the power supply, place two 0.1-F capacitors near each LCD driver: one 
between the Voc and GND pins, and the other between the Voc and V_eg pins. 
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HD66205 


Absolute Maximum Ratings 


item | sO - Symbol ‘Rating Unit Note 


Power supply voltage for logic circuits ~ Veco —0.3 to +7.0 V 1 
Power supply voltage for LCD drive circuits Veg Vee - 30.0 to Ven + 0.3 V 

Input voltage 1 : Vr ~0.3t0 Voc + 0.3. Vv 1,2 
Input voltage 2. Vio. Ven -0.3toVeo+03 V 1,3 
Operating temperature | Topr —20 to +75 oo | 
Storage temperature T stg —55 to +125 °C 4 


Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL, M, SHL, Dl, DISPOFF. 
3. Applies to pins V1, V5, and V6. 
4. —40 to +1 25°C for TCP devices. 

5 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent mapuncuonnd or 
degradation of reliability. | 


Electrical Characteristics 


DC Characteristics for the HD66205F/HD66205TF/HD66205T (Voc =5V+ 10%, GND = 0 V, Vcc 
- Ver = 10 to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 


Item | Symbol Pins Min. Typ. Max. Unit Condition Note 


Input high voltage Vin 1 0.7xVco — £Vec V 
Input low voltage Vit 1 0 — 03xVoeco V 
Output high voltage Vou 2 Vec-04 —- — V lon = 0.4 mA 
Output low voltage =sss«wViy,_— 2 _— — 0.4 V (6; =0.4mA 
Vi-Yj on resistance Ron 3 — — 2.0 kQ lon = 100 pA 1 
Input leakage current! ty, 9 1 ~1.0 — 1.0 WA Vin = Voc to GND 
Input leakage current 2 | fe 4 —25 — 25 HA Vin = Voc to Vege 
Current consumption 1 = Ienp — — — 100 WA fo, = 20 kHz 2 

7 Voc — Ver = 28 V 
Current consumption 2 — Ice — — 150 500 HA Same as above 2 
Pins and notes on next page. | 
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HD66205 


DC Characteristics for the HD66204FL/HD66204TFL/HD66204TL (Vcc = 2.7 to 5.5 V, GND = 0 V, 
Vcc — Ver = 10 to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) : 


Item Symbol Pins Min. Max. = Unit Condition Note 
‘Input high voltage Vin { 0.7xVoo Voc V 
Input low voltage Vit 1 0 0.3xVec V 
Output high voltage Von 2 Vec-0.4 — vO lon = —0.4 mA 
Output low voltage | Vor 2 —_ 0.4 NV lo, = 0.4 mA 
Vi-Yj on resistance Ron 3 _ 2.0 kQ lon = 100 mA 1 
Input leakage current 1 lies 1 —1.0 1.0 pA Vin = Voc to GND 
Input leakage current 2 lio 4 —25 25 pA Vin = Veco to Vee 
Current consumption 1 lenp — — 100 pA fo. = 16.8 kHz 2 
fy = 35 Hz 
Vec = 3.0 V 
Veco — Ver = 28 V 
Current consumption 2 lee — — — 250 pA Same as above 2 
Pins: 1. CL,M, SHL, Di, DISPOFF - _ 
2. DO 
3. X,—Xgo, V1, V5, V6 
4. V1, V5, V6 


Notes: 1. Indicates the resistance between one pin from X,—Xgo and another pin from V1, V5, V6, and | 
Veg, when load current is applied to the X pin; defined under the following conditions. 


V1, V6 = Vog — {1/10(Veg - VeE)} 
V5 = Veg + {1/10(Voc — Veg)} 


V1 and V6 should be near Vcc level, and V5 should be near Veg level (figure 7). All voltage 
must be within AV. AV is the range within which Ron, the LCD drive circuits’ output 
impedance, is stable. Note that AV depends on power supply voltage Voc—V_e (figure 8). 


2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vy, and Vi. must be held to Veco 
and GND levels, respectively. | 


3. Applies to standby mode. 
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Figure 7 Relation between Driver Output Waveform and Level Voltages 


Level voltage rang 


10 28 
-Vec-VEE (V) 





Figure 8 Relation between Vcc — Vr and AV 
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HD66205 


AC Characteristics for the HD66205F/HD66205TF/HD66205T (Vcc = 5 V+ 10%, GND = 0 V, and 
Ta = —20 to +75°C, unless otherwise noted.) 


Symbol Pins 


Item 

Clock cycle time tcyc 
Clock high-level width 1 toWH 
Clock low-level width towL 
Clock rise time t, 
Clock fall time ty 
Data setup time tos 
Data hold time | tbH 
Data output delay time top 
Data output hold time tpHw 


CL 

CL 

CL 

CL 

CL 

DI, CL 
DI, CL 
DO, CL 
DO, CL 


Min. 


10 
50 
1.0 


100 
100 


100 


Max. 


30 


‘30 


3.0 


Unit Note 
us 

ns 

us 

ns 

ns 

ns 

ns 

us 1 


ns 


AC Characteristics for the HD66205FL/HD66205TFL/HD66205TL (Vcc = 2.7 to 5.5 V, GND = 0 V, 
and Ta = —20 to +75°C, unless otherwise noted.) 


item 

Clock cycle time tcyc 
Clock high-level width 1 tCWH 
Clock low-level width towL 
Clock rise time Ft 
Clock fall time tr 

Data setup time tos 
Data hold time too 
Data output delay time top 
Data output hold time toHw 


Symbol Pins 


CL 
CL 
CL 
CL 
CL 
‘DI, CL 
DI,CL 
DO, CL 
— DO, CL 


Notes: 1. The load circuit shown in figure 9 is connected. 





test point ee 


an 


Min. 


10 
80 
1.0 


100 
100 


100 


Figure 9 ‘Load Circuit 
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30 
30 


7.0 


Unit Note 
us 
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ns 

ns 
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ns 
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Figure 10 LCD Controller Interface Timing 
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HD66214T/HD66214TL (Micro-TAB)— 
(80-Channel Column Driver in Micro-TCP) 


Description | 


The HD66214T/HD66214TL, the column driver 
for a large liquid crystal graphic display, features 
as many as 80 LCD outputs powered by 80 
internal LCD drive circuits. This device latches 4- 
bit parallel data sent from an LCD controller, and 
generates LCD drive signals. In standby mode 
provided by its internal standby function, only one 
drive circuit operates, lowering power dissipation. 
The HD66214, packaged in an 8-mm-wide micro- 
tape carrier package (micro-TCP), enables a 
compact LCD system with a narrower frame 


_ (peripheral areas for LCD drivers) —about half as 


large as that os an existing system. The HD66214 
provides HD66214T, a standard device powered 
by 5 V + 10%, and HD66214TL, a low power 
dissipation device powered by 2.7-5.5 V suitable 
for battery-driven portable equipment such as 
notebook personal computers and palm-top 
personal computers. 


Features 


¢ Duty cycle: 1/64 to 1/240 
e High voltage 
— LCD drive: 10-28 V 
¢ High clock speed 
— 8 MHz max under 5-V operation 
(HD66214T) 
— 4 MHz max under 3-V operation 
| (HD66244TL) 
e Display off function | 
e Internal automatic chip enable signal generator 
e Various LCD controller interfaces 
— LCTC series: HD63645, HD64645, 
HD64646 
— LVIC series: HD66840, HD66841 
— CLINE: HD66850 
e 98-pin TCP 
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HD66214T/HD66214TL (Micro-TAB) _ 


Pin Arrangement 





D2 [_]5 97[___] Y2 


D3 [6 96[__] Y3 
Cl2 {_d 7 
CL1 [18 
Mi 49 


_ DISPOFF [710 


CAR f-——~711 
Vec [J 12 : 
SHL [-—_} 13 2a14C0—] Y78 
GND [——}14 207] Y79 
VEE [7] 15 19] Y80 
V4 [16 | 
ds Sea [| Dummy 
V1 [77 18 S14 
Top view 
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Symbol 


CLI 
CL2 
M 
Do-D3 
SHL 


e 
CAR 


DISPOFF 


Y:-Ye0 





Pin Description 


Pin No. 


1,12 
14 
15 
18 
17 
16 


3-6 
13 


1 
10 
19-98 


HD66214T/HD66214TL (Micro-TAB) 


Pin Name 


V4 

Clock 1 

Clock 2 

M 

Data 0-data 3 
Shift left 
Enable 

Carry 

Display off 
Y1-—Y80 


HITACHI 


Input/Output 


Input 
Input 
Input 
Input 
Input 
Input 


| Input 


Input 
Input 
Output 
Input 
Output 


Classification 
Power supply 
Power supply 
Power supply 


Power supply | 


Power supply 
Power supply 
Control signal 
Control signal 
Control signal 
Control signal 


Control signal 


Control signal 


Control signal 
Control signal 


LCD drive output 
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HD66214T/HD662 14TL = TAB) | 


Pin Functions 
Power Supply 


Vcc: Vez, GND: Vcc—GND supplies power to the 
internal logic circuits. Vcc-VEE supplies power 
to the LCD drive circuits. 


V1, V3, V4: Supply different levels of power to 
drive the LCD. V1 and Vg are selected levels, 
and V3 and V4 are non-selected levels. See figure 


i. 
Control Signal 


CL1: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, 
corresponding to the latched data, porn at the 
~ falling edge of each CL1 pulse. 


CL2: Inputs display data latch pulses for the 4-bit 


latch circuit. The 4-bit latch circuit latches display | 


data input via Do—D3 at the falling edge of each 
CL2 pulse. 


and outputs LCD drive signals 


M: Changes LCD drive outputs to AC. 


Do-D3: Input display data. High-voltage level of 


- data corresponds to a selected level and turns an 


LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 


SHL: Shifts the destinations of display data 


- output. See figure 2. 


hip, and a high E disables 


CAR: Outputs the E signal to the next HD66214 if 


HD66214s are connected in cascade. 


DISPOFF: A low DISP sets ae drive outputs 


Y1-Yg0 to V1 level. 
LCD Drive Output 


Y1-Ygo: Each Y outputs one of the four voltage 
levels V1, V3, V4, or Vug, depending on a> 
combination of the M signal and display data 
levels. See figure 3. 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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HD66214T/HD66214TL (Micro-TAB) 


SHL = low 


SHL = higt 





Figure 3 Selection of LCD Drive Output Level 
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HD66214T/HD66214TL (Micro-TAB) 


Block Functions 


Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit. 


4-Bit Latch Circuit 


The 4-bit latch circuit latches 4-bit parallel data 
input via the DO to D3 pins at the timing generated 
by the control circuit. 


Line Data Latch Circuit 


The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 


Block Diagram 


4-bit latc 
es Ba 


h circuil 


Level Shifter 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 


LCD Drive Circuit 


_ The 80-bit LCD drive circuit generates four 


voltage levels V1, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 


‘the corresponding Y pin, depending on a 


nnmewnhimatenn £ 4 1 
combination of the M signal and the data in the 


line data latch circuit. 


4-bit latch circui 
cee aeteneaeanaeeeselll 

aes ‘ 

; 
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Ordering Information 


Type No. 
HD66214TA1 
HD66214TA1L 
HD66214TA2 
HD66214TA2L 
HD66214TAS 
HD66214TASL 
HD66214TA4 
HD66214TA4L 
HD66214TAS 
HD66214TASL 
HD66214TA6 
HD66214TA6L 
HD66214TA7 
HD66214TA7L 
HD66214TA8 
HD66214TAS8L 
Notes: 1. 


on & GW MP 


Voltage Range 
5 V+ 10% 
2.7-5.5 V 
5V+10% 
2.7-5.5 V 
5V+10% 
2.7-5.5 V 
5 V+ 10% 
2.7-5.5 V 
5V+10% 
2.7-5.5 V 
5V+10% 
2.7-5.5V 
5V+10% 
2.7-5.5 V 
5 V+ 10% 
2.7-5.5 V 


. 35-mm-wide tape is used. 
. Leads are plated with Sn. 


HD66214T/HD66214TL (Micro-TAB) 


Outer Lead Pitch 1 


0.15 mm 
0.15 mm 
0.18 mm 
0.18 mm 


0.20 mm 


0.20 mm 
0.22 mm 
0.22 mm 
0.25 mm 
0.25 mm 
0.20 mm 


- 0.20 mm 


0.22 mm 
0.22 mm 
0.25 mm 
0.25 mm 


. Device length includes test pad areas. 


. Spacing between two sprocket holes is 4.75 mm. 


HITACHI 


Outer Lead Pitch 2 Device Length 


0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.80 mm 
0.45 mm 
0.45 mm 
0.45 mm 
0.45 mm 
0.55 mm 
0.55 mm 


. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 


3 sprocket holes 


3 sprocket holes . 


3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 
3 sprocket holes 


Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 
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HD66214T/HD66214TL (Micro-TAB) 


Comparison of the HD66214 with the HD61104 


item HD66214 | HD61104 
Clock speed | 8.0 MHz max. 3.5 MHz max. 
Display off function Provided Not provided 
LCD drive voltage range 10-28 V 10-26 V 
Relation between SHL and See figure 4 __ See figure 4 
LCD output destinations 
Aerator between LCD output See figure 5 See figure 5 
ieveis, M, and cata 
LCD drive V pins | V1, V3, V4 V1, V2, V3, V4 
(V2 level is the same as VEE level) 
Storage temperature | ~40 to 125°C —55 to 125°C 


Package TCP (tape carrier package) | QFP (quad flat package) 


SHL = high | SHL = high 


HD66214 | HD61104 


Note the exact reverse relation for the two devices. 





Figure 4 Relation between SHL and LCD Output Destinations for the HD66214 and HD61104 
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HD66214T/HD66214TL (Micro-TAB) 


SO eeprom ee 2 pea | OS 
M M 


pS 71LOT 7 Los pS LO Lo 


Y output leve mb ate ole Sy ¥ output leve josie ate Soja 


HD66214 HD61104 





Figure 5 Relation between LCD Output Levels, M, and Data for the HD66214 and HD61104 
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HD66214T/HD66214TL (Micro-TAB) 


Operation Timing 





as 
5 
® 


CL2 


19 20: 21 | 


ok 
NO 
ww 


CAR 

(No. 2) i : HD66214 no. 2 
i : latches data | 

CAR | 

(No. 3) : HD66214 no. 3 


latches data 


Q 
> 
9) 


(No. n) HD66214 no. n 
} | latches data 
f . 
f - | f 
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Application Example 






LCD panel of 640 240 dots; 
1/240 duty cycle 





LCD controller 


Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 > R1 + R2) should be 1/15. | 


2. To stabilize the power supply, place two 0.1-yF capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vcc and V_g pins. 





HITACHI 








HD66214T/HD66214TL (Micro-TAB) 


Absolute Maximum Ratings 


item | Symbol _— Rating Unit —_ Note 
Power supply voltage for logic circuits Veco —0.3 to +7.0 | - 1 
Power supply voltage for LCD drive circuits Vee Voc — 30.0 to Veg + 0.3 V 
Input voltage 1 | Vry —0.3 to Voc + 0.3 V 1,2 
Input voltage 2 | Vy Ver-0.3toVeco +03  V 1,3 
Operating temperature Topr -20 to +75 | °C 
Storage temperature Veta. —40 to +125 °C 


Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL1, CL2, M, SHL, E, Dp—Dg, DISPOFF. 
3. Applies to pins V1, V3, and V4. 
4 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 


| Electrical Characteristics 


/ 


DC Characteristics for the HD66214T (Vcc = 5 V + 10%, GND = 0 V, Voc — Veg = 10 to 28 V, and 
Ta = —20 to +75°C, unless otherwise noted.) 


Item Symbol Pins Min. Typ. Max. Unit Condition Note 


Input high voltage Vn 1.» O7xXVeg — Veo V 
Input low voltage Vi 1 0 — 0.3xVcc V 
Output high voltage Vou 2 Veo -0.4 — — Vi loy = -0.4 mA 
Output low voltage Vor 2 — — 04 V lo. = 0.4 mA 
Vi-Yj on resistance Ronn 3 — — 4.0 kQ lon = 100 pA 1 
Input leakage current1 = Iy,; 1 ~1.0 — 1.0 WA Vin=VoctoGND © 
Input leakage current2 = Iyo 4 —25 — 25 pA | Vin = Voc to Vee 
Current consumption 1 — leno _— — — 3.0 mA fo.2 = 8.0 MHz 2 
7 fol, = 20 kHz | 
Vec — Vee = 28 V 
Current consumption 2 leg _- = 150 500 pA Same as above 2 
Current consumption3 — Ist _— —_ — 200 pA Same as above 2,3 
Pins and notes on next page. 
HITACHI 
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HD66214T/HD66214TL (Micro-TAB) 


DC Characteristics for the HD66214TL (Vcc = 2.7 to 5.5 V, GND = 0 V, Vcc - VrE = 10 to 28 V, 
and Ta = —20 to +75°C, unless otherwise noted.) 


Item Symbol Pins’ Min. Max. ‘Unit Condition Note 


Input high voltage Vin 1 0.7xVcoco Vcc V 
Input low voltage Vit 1 0 0.3xVoc V 
Output high voltage Vou 2 Veco -0.4 — V lou = —0.4 mA 
Output low voltage VoL 2 — 0.4 V lo. = 0.4mA 
Vi-Yj on resistance Ron 3 _ 4.0 kQ lon = 100 pA 1 
Input leakage current 1 hud 1 -1.0 1.0 pA Vin = Voc to GND 
Input leakage current 2 live 4 —25 25 pA Vin = Voc to Veg 
Current consumption 1 Ienn lo — 1.0 mA — fora = 4.0 MHz 2 
fous = 16.8 kHz 
fu = 35 Hz 
Checker-board 
pattern 
Current consumption 2 lee — — 500 pA Same as above 2 
Current consumption 3 Ist — — 50 pA Same as above 2,3 
Pins: 1. CL1, CL2, M, SHL, E, Do-Ds, DISPOFF 
2. CAR 
3. Y;-Ygo, V1, V3, V4 
4. V1, V3, V4 


Notes: 1. Indicates the resistance between one pin from Y;-Ygo and another pin from V1, V3, V4, and 
Veg, when load current is applied to the Y pin; defined under the following conditions. 


Voc - GND = 28 V 
V1, V3 = Voc — {2/10(Voec - Ver)} 
V4 = Veg + {2/10(Voc — Veg)} 


V1 and V3 should be near Vcc level, and V4 should be near Ver level (figure 6). All voltage 
must be within AV. AV is the range within which Ron, the LCD drive circuits’ output 
impedance, is stable. Note that AV depends on power supply voltage Voc—Ver (figure 7). 


2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vy, and Vy must be held to Voc 
and GND levels, respectively. 


3. Applies to standby mode. 
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HD66214T/HD66214TL.(Micro-TAB) © 


Vec—VEE (V) 





Figure 7 Relation between Vcc — Vex and AV 
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HD66214T/HD66214TL (Micro-TAB) 


AC Characteristics for the HD66214T (Vcc =5 V+ 10%, GND = 0 V, and Ta = -20 to +75°C, unless 
otherwise noted.) | 





Item Symbol Pins ‘ Min. Max. Unit Note 
Clock cycle time teyc CL2 125 — ns 

Clock high-level width 1 towH CL1i, CL2 45 _ ns 

Clock low-level width tow. CL2 45 — ns 

Clock setup time tscL CL1, CL2 80 — ns 

Clock hold time tuict CL1, CL2 80 _— ns 

Clock rise time t, CL1, CL2 _ Note1 ns 1 
Clock fall time ty CLi, CL2 — Note 1 ns 1 
Data setup time tos Do-D3, CL2 20 — ns 

Data hold time tou Do-D3, CL2 20 — ns 
Enable (E) setup time —— tesy E, CL2 30 — ns 

Carry (CAR) output delay time tcaR CAR, CL2 — 80 ns. 2 
M phase difference time tom M, CL2 _ 300 ns 
CLicycletime _ tol Cli teyex50 = — ns 


AC Characteristics for the HD66214TL Vee = = 2.7 to 5.5 V, GND = 0 V, and Ta = —20 to +75°C, 
unless otherwise noted ) 


Item Symbol Pins Min. Max. Unit Note 
Clock cycle time toyc CL2 250 a — ns 

Clock high-level width 1 tcwH CL1, CL2 95 — ns 

Clock low-level width tow. CL2 95 — ns 

Clock setup time tse CL1, CL2 80 —_ ns 

Clock holdtime thot CL1, CL2 . 120 —_ ns 

Clock rise time ee CL1, CL2 — Note1 ns 1. 
Clock fall time te CL1, CL2 — Note1 ns 1 
Data setup time tos Do-D3, CL2 50 — ns 
Data hold time tou Do-D3, CL2 50 — ns 
Enable (E) setup time tesu E, CL2 — 65 — ns 

Carry (CAR) output delay time tear CAR, CL2 — 155 ns 2 
M phase difference time tom M, CL2 — 300 ns 
CL1 cycle time toi CL1 tcyc x 50 — ns 


Notes: 1. t,, tt <(tcyc — tcwH — tew,)/2 and t,, tps 50 ns 
2. The load circuit shown in figure 8 is connected. 
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HD66214T/HD66214TL (Micro-TAB) 


Test point Saati 


ahr 





Figure 8 Load Circuit 





tr} tCWH | tf} tCWL tCYC 





0.7Vcc 
Cle 0.3Vcc 
tDS tDH 
0.7Vcc 
tCWH | tCL1 
 0.7Ve | | 
CL1 | 0.3Vcc 
| tSC tHCL | 
| | 0.7Vc , 
5 | whiinas as 
CL2 | data- 
. tCAR tCAR 
CAR 
E 
tCM 
M . a 0.7Vcc 
| | 0.3Vcc 


Figure 9 LCD Controller Interface Timing 
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HD66702 LCD-II/E20 
(Dot Matrix Liquid Crystal Display 


Controller and Driver) —Preliminary— 
Description Features 
The LCD-II/E20 (HD66702) dot matrix liquid °¢ 5 X 7and5 X 10 dot matrix liquid crystal 
crystal display controller and driver LSI displays display controller and driver 
alphanumerics, kana characters, and symbols. It -° Internal display RAM of 80 x 8 bits (80 
drives a dot matrix liquid crystal display under 4- characters max.) 
bit or 8-bit microprocessor control. Since all the = _* Internal character generator ROM of 7200 bits: 
functions required for dot matrix liquid crystal 160 character fonts of 5 < 7 dots 
display drive are internally provided on one chip, a 32 character fonts of 5 X 10 dots 
small system can be configured with this LSI. ¢ Internal character generator RAM of 64 X 8 bits: 
8 character fonts of 5 < 7 dots 

A single LCD-II/E20 can display up to two lines, 4 character fonts of 5 X 10 dots 
each of 20 characters. The addition of driver LSI - Internal liquid crystal display driver with 16 
HD44100s enables a maximum display of two common signal drivers and 100 segment signal 
lines, each of 40 characters. drivers 

| e .Programmable duty cycles 
The LCD-I/E20 of 3-V power supply (whose — 1/8 for 1 line of 5 X 7 dots + cursor 
development is under consideration) is suitable for  _ 1/11 for 1 line of 5 X 10 dots + cursor 
any portable battery-driven apparatus requiring — 1/16 for 2 lines of 5 X 7 dots + cursor 
low power dissipation. ‘ 


Maximum display characters 
e Wide range of instruction functions: 
— Display clear, Cursor home, Display 
Ordering Information On/Off, Cursor On/Off, Display character 
blink, Cursor shift, Display shift 
Operating e Wide range of power supply (Vcc): 4.5 to 5.5 V 
Type No. Package Voltage (standard version), 2.7 to 3.3 V (low Vee 


HCD66702 144-pinbarechip 4.510 5.5 V version) 

eee eee eT ee ¢ Internal automatic reset circuit after power on 

HCD66702L = 144-pinbarechip, 2.7t03.3.V (provided by standard version only) 

¢ Independent LCD drive voltage on the logic 
power supply (Vcc): 3.0 to 6.0 V 





When Extended 


Display Type Duty Cycle When not Extended with an HD44100H Maximum Extension 
1-line display 1/8 20 characters X 1 line | 28characters x 1line | 80characters x 1 line 
1/11 20 characters x 1 line §§28characters x 1 line | 80characters x 1 line 
2-line display 1/16 20 characters X 2lines 28characters X 2lines 40 characters x 2 lines 
HITACHI 
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- HD66702 LCD-II/E2 





Block Diagram (LCD-II/E20 Interior) 








OSC1 OSC2 





ACL 

































Display data COMi1- 
RAM (DD RAM) Common} COM16 
80 x 8 bits signal 
driver 
RS | | | | 
R/W 
E 
SEG1- 
: sement| SEG 100 
DB4-DB7 Data | 
‘ register 
7 (DR) i 
DB3-DB0 
_| Busy 
| flag 
Character Character Cursor Liquid crystal 
generator RAM || generator ROM | blink display drive 
(CG RAM) (CG ROM) controller voltage 
64 bytes 7200 bytes selector 
100 
TEST 1 ———_—_- 
| ParalleVserial 
converter and 
attribute circuit 
x 
Vcc 
are: 
N LR LA A A 
Vi V2 V3 V4 V5 
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HD66702 LCD-II/E20 


LCD-II/E20 Pad Arrangement 


SEG36 


142 Ey] SEG37 
140 f] SEG39 
139 fj SEG40 
138 6] SEG41 
137 Ea] SEG42 


143 


AED EEEEELEEE 


—b ot 
“COO OnNO A hON — 


Ea 12 


£72 


COM10 


* : Test pins; to be grounded. 
(2: Power supply pins 

Mi: Power supply pins (ground) 
Z: Input pins 

Ex Output pins 

EE input/output pins 
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HD66702 LCD-II/E20 


LCD-II Family Comparison 


item 


Power supply voltage 


1/4 bias 
| 1/5 bias 
Max display digits per chip 


Liquid crystal drive 
voltage VLCD 


Display duty cycle 
CG ROM 


CG RAM 

DD RAM 

Segment signals _ 

Common signals 

Liquid crystal drive waveform 


. Ladder resistor for liquid 
crystal drive power supply 


Clock source 


Rf oscillation frequency 
(frame frequency) 


Rf resistance 


LCD-ll 
(HD44780) 


5V+10% 


3.0 to 11 V 
4.6to11V 


16 digits 
(8 digits x 2 lines) 


1/8, 1/11 and 1/16 


— 7,200 bits 


(160 character fonts of 
5 x 7 dots and 

32 character fonts of 

5 x 10 dots) 


64 bytes 
80 bytes 
40 

16 

A 
External 


External resistor, 
external ceramic filter, 
or external clock 


270 kHz + 30% 

(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


91 kKQ+ 2% 


LCD-IVA 
(HD66780) 


5V+10% 


3.0 V to Voc 
3.0 V to Vec 


- 16 digits 


(8 digits x 2 lines) 
1/8, 1/11 and 1/16 


12,000 bits 
(240 character fonts of 
5 x 10 dots) 


64 bytes 
80 bytes 
40 

16 

B 
External 


External resistor, 
external ceramic filter, 
or external clock 


270 kHz + 30% 

(59 to 110 Hz for 1/8 

and 1/16 duty cycles; 
43 to 80 Hz for 1/11 © 

duty cycle) 


83 kQ + 2% 


LCD-II/E20 
(HD66702) 


5 V + 10% for standard version; 
3 V +.10% for low Vee version - 


3.0 to 6.0 V 

3.0 to 6.0 V 

40 digits 

(20 digits x 2 lines) 
1/8, 1/11 and 1/16 


7,200 bits 

(160 character fonts of 
5x7dots and _ 

32 character fonts of 

5 x 10 dots) 


64 bytes 
80 bytes 


100 
16 


B 
External 


External resistor, 
or external clock 


320 kHz + 30% 

(69 to 128 Hz for 1/8 

and 1/16 duty cycles; 
50 to 93 Hz for 1/11. 

duty cycle) 


68 kQ (T.B.D.) for standard version; 
56 kQ (T.B.D.) for low Vee version 





Instructions Fully compatible within the LCD-II family 

CPU bus timing 1 MHz 2 MHz 1 MHz 

Package QFP1420-80, QFP1420-80 and 144-pin bare chip (no package) 
QFP1414-80, and QFP1414-80 


80-pin bare chip 


Note: Development of QFP2020-144 (144-pin quad flat package) is under consideration. 
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HD66702 LCD-II/E20 


Electrical Characteristics ‘ 


Absolute Maximum Ratings for Low Vec Version 


Item Symbol Unit Rating Note 


Power supply voltage (1) Vee V —0.3 to +7.0 

Power supply voltage (2) V1 to V5 V —0.3 to +7.0 3 
Input voltage Mt V —0.3 to Veco + 0.3 
Operating temperature Topr °C 20 to + 75 4 
Storage temperature Tstg °C —55 to + 125 


Notes: 1. If LS!ls are used above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristic limits is strongly recommended for normal operation. Use beyond these 
conditions will cause malfunction and poor reliability. 

2. All voltage values are referenced to GND = 0 V. 
3. Applies to Vj to V5; must maintain Vcc = Vi = V2 => V3 => V4 > Vs: see below. 


Vec 
® @ = Vee - The conditions of V1 and Vs voltages are for proper 
7 (B) = Vec - operation of the LS! and not for the LCD output level. The 
: @)21.5 - LCD drive voltage condition for the LCD output level is 
i ®) < 0.25x@) specified in “LCD voltage VLCD." 


4. This temperature is for packaged devices; +75°C is the guaranteed operating temperature for bare chip devices. 


DC Characteristics for Low Vec Version (Vcc = 3 V + 10%, Tg = -20°C to +75°C*1) 


~ item Symbol Unit Test Conditions min. typ. max. Note 


Input high voltage (1) ViHi i‘ T.B.D. — Veo 2 
Input low voltage (1) ViL4 V 03 — T.B.D. 2 
Input high voltage (2) (OSC1) Vine V TBD. — Vec 11 
Input low voltage (2) (OSC 1) ViL2 V _-_ — T.B.D. 11 

Output high voltage (1)(DBo-DB7)  Voni VV lon = 0.1 mA TBD. — — 3 
Output low voltage (1) (DBo—DB7) VOL V loL = 0.1 mA —_ — T.B.D. 3 
Output high voltage (2) (except DBo-DB7) VoOHe2 Vs =IOH = 0.04 mA T.B.D. — — 4 

_ Output low voltage (2) (except DBp-DB7) VoL2 V lo = 0.04 mA — — T.B.D. 4 
Driver ON resistance (COM pin) RCOM kO +lq=0.05 mA — —_ 20 9 

_. (all COM pins) 
Driver ON resistance (SEG pin) RseEqg =kQ —s tig = 0.05 mA — — 30 9. 
(all SEG pins) 

Input/Output leakage current Iu pA Vin = 0 to Vee —1 —_ 1 5 
Pull-up MOS current (RS, R/W) —lp pA Veo =3V T.B.D. 1.B.D. T.B.D. 
Power supply current lec mA Rf oscillation, external T.B.D. 6,10 

clock operation, Vec = 3 V 
fosc = 320 kHz 
LCD voltage : VLCD1 V Veco-V5 1/bias 3.0 — 6.0 12 


VLCD2 V. Vee-V5 1/4bias 3.0 — 6.0 12 
Notes for DC Characteristics on pages 983 and 984. 
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HD66702 LCD-II/E20 


AC Characteristics for Low Vec Version (Vee = =3V+ 10%, Ta = -20°C to 10 475°C*1) 
Clock Characteristics. 


Item | Symbol Unit Test Conditions min. typ. max. Note 
External clock operating frequency fep kHz 125 — 410 7. 
External clock duty cycle Duty % 45 50 55 7 
External clock rise time trop us — — 02 7 
External clock fall time trep ys — — 02 7 

8 


Rf oscillation internal clock operating frequency fosc KHz Rf=1.B.D. 230 320 410 8 | 
Notes on pages 983 and 984 | : 


Bus Timing Characteristics 


Write Operation 

Item Symbol Unit Test Conditions min. _ typ. max. 
Enable cycle time tCYCE ns Figure 1 1000. — — 
Enable pulse high level width  PWenH ns Figuet . 450 —  — 
Enablerisefalltime | ter,tep ons Figuwet o.# — — 2 
SetuptimeforRS,RW,E © tas... ns Figuet1 40 — — | 
Addressholdtime #8 tad ns Figue1 . 10 —- — 
Data setup time | tpsw ns Figure 1 195 aa — 
Dataholdtime = tH © ns Figwet § 10 — — | 
_Read Operation 

item Symbol = Unit Test Conditions min. typ. max. 
Enable cycle time oe tCYCE ns Figure 2 1000. —. — 
Enable pulse high level width #£ PWey ns Figue2 450. — ###.+— 
Enable rise/fall time ter, tef ns — Figure 2 — — 25 
SetuptimeforRS,RW,E tas =ns Figue2 40 — — 
Addressholdtime | tAH ms Figye2 . 10 — — 
Datadelaytime §## |  tppR ns Figye2 = — — 32 — 
Dataholdtime | tpHR ns Figve2 $20 — — 


Segment extension signal timing 


Item Symbol Unit TestConditions min. typ. max. 
Clock pulse high level width tCWH — ons Figure 3 ~ 800 — — 

Clock pulse lowlevelwidth = tcwL. ns Figue3 800 — # — 
Clocksetuptme + +tcsu.. ns FigveS 500. — # #%— 
Datasetuptime ##  tsu.. ns  Figue3 300 —  — 
Datahodtime =.  tpbH ons FFigue3 300 — ###— 
Mdelaytime #3 | tpM ns Figue3 1000 — 1000 
Clockrisefalltime tt ns FFigueS  +— 100 


Power supply conditions for using internal reset circuit 
Since the internal reset circuit will not operate normally in the 3-V Voc vee eee initialize the LSI by rarcion 
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HD66702 LCD-II/E20 


Bus Timing Characteristics 


Absolute Maximum Ratings for Standard Vec¢ Version 


Item Symbol Unit Rating Note 


Power supply voltage (1) Vee V —0.3 to +7.0 

Power supply voltage (2) Vi to V5 V —0.3 to +7.0 3 
Input voltage Vt V —0.3 to Vee + 0.3 
Operating temperature Topr °C -20 to + 75 4 
Storage temperature Tstg °C —55 to + 125 


Notes: 1. If LSls are used above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristic limits is strongly recommended for normal operation. Use beyond these 
conditions will cause malfunction and poor reliability. 

2. All voltage values are referenced to GND = 0 V. 
3. Applies to V1 to V5; must maintain Vcc V1 = V2 2 V3 2 V4 2 V5; see below. 


Vec 7 | 
®) . = _ 7 The conditions of V1 and Vs voltages are for proper 
V; ~ “CC 1 operation of the LSI and not for the LCD output level. The | 
® @21.5V LCD drive voltage condition for the LCD output level is 
| <0.25x@ specified in “LCD voltage VLCD.” | 
V5 


4. This temperature is for packaged devices; +75°C is the guaranteed operating temperature for bare chip devices. 


DC Characteristics for Standard Version (Vcc = 5 V + 10%, Tg = -20°C to +75°C*1) 


Item Symbol Unit Test Conditions min. typ. max. Note 
Input high voltage (1) VIH1 Vv 2.2 — Vee 2 
Input low voltage (1) Vint V —0.3 — 06 2 
Input high voltage (2) (OSC1) Vive V Vee-1 — Veco 11 
Input low voltage (2) (OSC1) ViL2 V — — 1.0 11 
Output high voltage (1) (DBo—DB7) VOH1 V -IOH = 0.205 mA 2.4 _-_ — 3 
Output low voltage (1) (DBo—-DB7) VOL1 V loL = 1.6 mA — — 04 3 
Output high voltage (2) (except DBo-DB7) VoHe2 V -IOH = 0.04 mA 09Ve —- — 4 
Output low voltage (2) (except DBg-DB7) VoL2 V lot = 0.04 mA — — 0.1 Vcc 4 
Driver ON resistance (COM pin) RCOM kQ +\lg=0.05 mA — — 20 9 
f (all COM pins) 
Driver ON resistance (SEG pin) RSEG kQ +\lg=0.05mA — — 30 9 
(all SEG pins) 
Input/Output leakage current re WA Vin = Oto Voc —1 — 1 5 
Pull-up MOS current (RS, R/W) lp WA Veco =5V T.B.D. 125 T.B.D. 
Power supply current for RS, R/W lec mA _ Rf oscillation, external T.B.D. 6, 10 
clock operation, Veco = 5 V 
fosc = 320 kHz 

LCD voltage Vicp!. V Voc-Vs 1Sbias 30 ##— 60 °° #12 

VLCD2 V Vec-V5 1/4 bias 3.0 — 6.0 12 
Notes for DC Characteristics on pages 983 and 984. 

HITACHI 





Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300 981 


HD66702 LCD-II/E20 





AC Characteristics for Standard Version (Vcc = 5 V + 10%, Ta = -20°C to +75°C*1) 
Clock Characteristics | 


Item Symbol Unit Test Conditions min. typ. max. Note 


External clock operating frequency fop kHz 125 — 410 7 
Externalclock dutycycle ## | Duy % 445 SO 55 7 
Externalclockrisetime  §# | top ws  .  .— — 02 7 | 
External clock fall time trep ps — — 02 7 


_ Rf oscillation internal clock operating frequency fosc kHz Rf =T.B.D. 230 320 410 8 


Notes on pages 983 and 984 


Bus Timing Characteristics (see note on page 14 for load circuits) 


Write Operation 
Item Symbol Unit Test Conditions min. typ. max. 
Enable cycle time tCYCE ns Figure 1 1000. — — 
Enable pulse high level width PWeH ns Figure 1 450 _ — 
Enable rise/fall time tEr, tet ns Figure 1 — — 25 
Setup time for RS, R/W, E tas ns Figure 1 40 — — 
Address hold time tAH ns Figure 1 10 — — 
Data setup time tDSW ns Figure 1 195 _— — 
Data hold time tH “ns Figure 1 10 a aa 
Read Operation 
Item Symbol Unit Test Conditions min. __ typ. max. 
Enable cycle time | tCYCE ns Figure 2 1000. — ~ 
Enable pulse high level width PWeH ns Figure 2 450 — —_ 
Enable rise/fall time ter, tef ns Figure 2 — — (25 
Setup time for RS, R/W, E tas ns Figure 2 40 — — 
Address hold time tAH ns Figure 2 10 — — 
Data delay time tDDR ns Figure 2 — — 320 
Data hold time -tDHR ns Figure 2 20 — — 
Segment extension signal timing 
Item | _ Symbol Unit Test Conditions min. typ. max. 
Clock pulse high level width tCWH ns Figure 3 800 _ — 
Clock pulse low level width tCWL ns Figure 3 800 — — 
Clock setup time tcSU ns Figure 3 500 — — 
Data setup time tsu ns Figure 3 300 — — 
Data hold time — tDH ns Figure 3 300 — _— 
M delay time | tDM ns Figure 3 -1000 — 1000 
Clock rise/fall time tot ns Figure 3 — — 100 
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Power supply conditions for using internal reset circuit 








item Symbol =“ Unit Test Conditions min. typ. max. 
Power supply rise time trcc ms Figure 4 0.1 — 10 
Power supply off time tOFF ms Figure 4 1 — — 
Note: 1. The following are I/O terminal configurations except for liquid crystal display output. 
¢ Input Terminal Applicable Terminals: E ¢ Applicable Terminals: RS, R/W 
(MOS without pull up) (MOS with pull up) 
Vec 
PMOS PMOS 
NMos Pull Up MOS NMOS 
* Output Terminal 
Applicable Terminals: CL1, CL2, M, D 
Vec 
PMOS 
NMOS 
* I/O Terminal 
Applicable Terminals: DBo to DB7 
Vec (Pull Up MOS) Vec 
Enable 
Data 
(Three State 
Output Circuit) 


Note: 2. Input terminals and I/O terminals. Excludes OSC, terminals. 

Note: 3. /O terminals. : 

Note: 4. Output terminals. © 

Note: 5. Current flowing through pull-up MOSs and output drive MOSs is excluded. 

Note: 6. Input/output current is excluded. When CMOS input is at an intermediate level, excessive current flows 
through the input circuit to the power supply. To avoid this, input level must be fixed at high or low. 
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Note: 7. External clock operation. 


Oscillator 





Th Tl 






0.7Vec 
0.5Vee 


0.3Vec FL : 


trep trop 


Duty cycle = oe Lee x 100% 


Note: 8. Internal oscillator operation using oscillation resistor Rf. 


OSC; Rp 56 kQ + 2% (Vec = 3 V) 
Ry Rr 68 kQ. + 2% (Veco = 5 V) 
OSC, | 


Reference values (T.B.D.) 


Since oscillation frequency varies depending on OSC, and OSC2 terminal capacitance, wiring length 
for these terminals should be minimized. | 
Note: 9. Applies to both Vcom and VSsEG voltage drops. 
Vcom: From power suply terminal Vcc, V1, V4, V5 to each common signal terminal 
(COM, to COM46) 
Vseac: From power suply terminal Vcc, V2, V3, V6 to each segment signal terminal 
(SEG to SEG4o) 7 
Note: 10. Relation between operation frequency and current consumption is shown in this diagram (Vcc = 5 V). 


lec2 
(mA) 





fose or fcp (kHz) 


Note: 11. Applied to OSC, terminal. 
Note: 12. The condition for COM pin voltage drop (Vcom) and SEG pin voltage drop (VSEG). 
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Timing Characteristics 


Write operation 


ue 
Vina 
Vie 


tosw 


V 
IL1 


tcyce 


Figure 1 Write Operation 


Read operation 





Figure 2 Read Operation 
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Interface signals with driver LSI HD44100H 





Figure 3 Extension Driver Interface Timing 


- Power on sequence 


| *9 
2.7 V/4.5V 


0.2V 


Vec 


O.1ms S trcc S 10ms torr = 1ms 





Figure 4 Power on Sequence 


/ Notes: 1. toff defines the time of power off for momentary power supply dip or when power supply is repeatedly 
| turned on and off. 
2. 2.7 when Veco = 5 V, and 4.5 V when Vee = 3V. 
3. Since the internal reset circuit will not operate normally if the above conditions are not satisfied, 
initialize the LSI by instruction. Refer to “Initializing by Instruction.” 
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Note: Load Circuits 
Data bus DBo-DB7 
Veo=5V Voc=5V | Vec=3V 
2.4kQ 
Test Test 
point point 
90 pF 
Diodes: 
is2074 
Segment extention signals 
Test 
i 30 pF 
HITACHI 
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Terminal Function 


Table 1 Functional Description of Terminals 


Signal | No. of Input/ 
Name Lines Output Connected to Function 
RS 1 Input MPU Signal to select registers. 
0: Instruction register (for write) 
Busy flag: address counter (for read) 
1: Data register (for read and write) — 
R/W 1 Input MPU Signal to select read (R) and write (W). 
f\- Wirtg ‘ 
1: Read 
E 1 Input MPU Operation start signal for data read/write. 
DB4—DB7 4 Input/Output MPU Higher order 4 bidirectional three-state data 
_ bus lines. Used for data transfer between 
the MPU and the LCD-II/E20. DB7 can be 
used as a BUSY flag. 
DBo—DB3 4 Input/Output MPU Lower order 4 bidirectional three-state data 
: bus lines. Used for data transfer between 
the MPU and the LCD-II/E20. These four 
. are not used during 4-bit operation. 
CL1 1 Output HD44100H Clock to latch serial data D sent to the. 
| | | _ driver LS! HD44100H. 
Clo 1 Output HD44100H Clock to shift serial data D. 
M. 1 Output HD44100H Switch signal to convert liquid crystal drive 
| | waveform to AC. — 
D 1 Output HD44100H Sends character pattern data corresponding 
| ne to each common signal serially. 
COM1-COMi6 16 Output Liquid crystal display Common signals that are not used are 
| changed to non-selection waveforms. That 
is, COMg-COM}10 are non-selection © 
waveforms at 1/8 duty factor, and 
COM12—COMi6 are non-selection 
| _ waveforms at 1/11 duty factor. 
SEG1-SEGi00 100 Output Liquid crystal display Segment signal. 
Vi-V5 5 Power supply Power supply for liquid crystal display drive. 
Voc, GND 2 Power supply Voc: +5 V, GND: 0 V. 
TEST | 1 Input _ | Test pin; to be grounded. 
EXT | 1 Input — | Test pin; to be grounded. 
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Function Of Each Block 


Register 


The HD66702 had two 8-bit registers, an 
instruction register (IR), and a data register (DR). 


The IR stores instruction codes such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can be 
written from the MPU but not read by the MPU. 


The DR temporarily stores data to be written into 
the DD RAM or the CG RAM and data to be read 
out from DD RAM or CG RAM. Data written 
into the DR from the MPU is automatically 
written into the DD RAM or the CG RAM by 
' internal operation. The DR is also used for data 
storage when reading data is read from the DD 
RAM or the CG RAM. When address information 
is written into the IR, data is read into the DR 
from the DD RAM or the CG RAM by internal 
operation. Data transfer to the MPU is then 
completed by the MPU reading DR. After the 
MPU reads the DR, data in the DD RAM or CG 
RAM at the next address is sent to the DR for the 
next read from the MPU. Register selector (RS) 


Table 2 Register Selection 


HD66702 LCD-II/E20 


signals make their selection from these two 
registers. 


Busy flag (BF) 


When the busy flag is 1, the HD66702 is in the 
internal operation mode, and the next instruction 
will not be accepted. As table 2 shows, the busy 
flag is output to DB7 when RS = 0 and R/W = 1. 
The next instruction must be written after ensuring — 
that the busy flag is 0. 


Address counter (AC) 


The address counter (AC) assigns addresses to DD 
and CG RAMs. When an instruction for address is 
written in IR, the address information is sent from 
IR to AC. Selection of either DD or CG RAM is 
also determined concurrently by the instruction. 


After writing into (or reading from) DD or CG 
RAM display data, AC is automatically incre- 
mented by +1 (or decremented by —-1). AC 
contents are output to DBo-DB¢6 when RS = 0 and 
R/W = 1, as shown in table 2. 


RS R/W Operation 

0 0 IR write as internal operation (Display clear, etc.) 

0 1 Read busy flag (DB7) and address counter (DBo—DBe) 
1 0 DR write as internal operation (DR to DD or CG RAM) 
1 1 


DR read as internal operation (DD or CG RAM to DR) 


| HITACHI | 
Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 e (415) 589-8300 989 














HD66702 LCD-II/E20 


Display data RAM (DD RAM) 


The display data RAM (DD RAM) stores display 
data represented in 8-bit character codes. Its 
capacity is 80 x 8 bits, or 80 characters. The 
display data RAM (DD RAM) that is not used for 
display can be used as a general data RAM. 


‘ Upper Order 
Bits 


Relations between DD RAM addresses and 
positions on the liquid crystal display are shown 
below. 


The DD RAM address (App) is set in the address 
counter (AC) and is represented in hexadecimal. 


Lower Order 
Bits 


AC ieee ia aa ae ioe el oes 


oe Hexa 
decimal 


— tt Hexadecimal J 


(Example) DD RAM address 4E 


ns) eels 4 Cees - ‘atime 


1-Line Display (N = 0) 
(digit) 
1. When there are fewer than 80 display char- 
acters, the display begins at the head position. 


For example, 20 characters using an HD66702 
are displayed as: 


Digit 1 


1 2 3 4 5 | | 
wie oo oe oe fo oe [mn [oe] + vo 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


79 80 + Display 
Position 


Address 


~<__ Displa 
“<— Boattion 


1 ine [ooo oo] os| oso of foo]onosfocfoope pr ol} 3] | pp paw 





When the display shift operation is performed, the 
DD RAM address moves as: 






(hexadecimal) 


0 |o2} 0304] 0607] 0 oe oalosfacloo for [or] 10}19}12 1314) ni er 
at [e001] o2}05} 04/05 ]05]07fo6}o2}onosfpc}oojoe}or 10]11) 12 ent it 


eee 


a2fan4 ome 
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2. 28-character display using an HD66702 and an 
HD44100H is as shown below: 


Digt 12°93 4 5 6 7 8 9 10 11 12 13°14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 ««— Nisplay Position 


~«— DD RAM 
20} 01} c2}03 04/05] 607 Jos oo Joajoefocjoo}oe|or}10}11 r2}r3 has hs p78 ho ape] —— Oeics 
a a ne te 





1st line 4 
(hexadecimal) 


LCD-IVE20 display HD44100H display 


When the display shift operation is performed, 
the DD RAM address moves as: 


21 |o2/a3]04 05]05)07] 08} Jon}oajacloojoe|or|10} 14/12] 13/14]15]16|17 18]19 pals ic} cst io 






4F|00[01 [02] 03}0405] 0607] 08|02Joa}oafocfoo}oe for} to [11 12}13 [14 18]16 17 18]19 1a] (sri ir 

3. The relation between display position and DD Since the increase can be 8 digits for each 
RAM address when the number of display additional HD44100H, up to 80 digits can be 
digits is increased through the use of one displayed by externally connecting 8 
HD66702 and two or more HD44100H’s can HD44100H’s. 


be considered an extension of 2. 


Digit 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 77 78 79 BO ~«— Djeplay Position 





tettine Joo} 01 c2}03} 04}05 os 07 fos foe foa fos|pc|oo}oe|or|0]1]12|13 ha hs 6 h7 hfs fraps t-facho be [ar] —<— OO,RAM 
, ’ (hexadecimal) 
LCD-II/E20 display HD44100H (1) display HD44100H (8) 
display 
2-Line Display (N = 1) 
Digt 1 2 3 4 «5 39 40 —«— Display 
1st line 26 | 27 ie a ented 


exadecimal 
2nd line ” 





27 
1. When the number of display characters is less address and the second line start address are not 


than 40 x 2 lines, the 2 lines are displayed consecutive. For example, when an HD66702 is 
from the head. Note that the first line end used, 20 characters x 2 lines are displayed as: 


Digit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ~«— Display Position 
DD RAM 

000} 42403|o4[05o5|o7|os [o0fonjosjoc|oo|oe|or|1o]s1]+2] 19] Bisrae 

0 +] 2] 4a [4 47 48 9 Jan} 4c 4D 4a |50)61]o2] 59] roxadecimay 


When display shift is performed, the DD RAM 
address moves as: : 


01 ]o2| 03 os] 08 [a7 oe oo foaloa oclon|oe or 10] +4|12]13 14 
| 42] «244 4 [47] 40 40 ta 8 4c 0 [4450/51] 5250] 54 


27 [00] 0102 [09] 06 os o6|o7 {oe os foajos|oc|oo)oe oF|o)11 [12 
67 |40] 41/42 | a] 45 4647 4 49 4a 4c 40] 4e| aso} [sa 
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1st line 





2nd.line 






(Shift left) 





(Shift right) 
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2. 28 characters x 2 lines are displayed when an 
HD66702 and an HD44100H are used. 






LCD-IV/E20 display 


When display shift is performed, the DD RAM 
address moves as follows: 








RAM address when the number of display 
digits is increased by using one HD66702 and 
two or more HD44100H’s, can be considered 
an extension of 2. 


Digit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1 


0901 c2}ca 04/05 Js [a7 Js fo a fosfpcfoo|oe|oF 1011 





1st line 
2nd tine 


ear [0] 





0 [41 42] 43] 44] 4s [067 [480 [an] 40 


LCD-II/E20 display 


Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 7 dot 
or 5 x 10 dot character patterns from 8-bit 
character codes. It can generate 160 5 x 7 dot 
character patterns and 32 5 x 10 dot character 
patterns. Table 5 shows the relation between 
character codes and character patterns in the 
Hitachi standard HD66702. User defined character 
patterns are also available by mask-programmed 
ROM. 


Character Generator RAM (CG RAM) 


In the character generator RAM, the user can 
rewrite character patterns by program. With 5 x 7 


7 


01 [02 | a] 04 a5[06]07 [08 |o9|onfos foc foe|or|10|11]12|19|14]15 16]17 1819 paliB|sc 
2] 4944 [4546/4740 0 fone aco [4 4 50] 51 ]52]59]s4}s5 |s6]57 fs s0 saa sc 


27 {00| 0102 0a} 04 os |as|o7 foe on|aaosfacloo}oe_or| 10} |12]+3 14] 15)16 17|18 [19s 
67 40] 41} 42] 4a}44|45] a fo 9 4a} 40/40 4°00) o1Jo2|o3] 54/05 }56 fo Joos 


3. The relation between display position and DD 


20 21 22 23 24 25 26 27 28 
3 
63 [54 66 [56 57 50 [595 bs | — lea [os 67; 
a 


21 22 23 24 25 26 27 28 ~««— Display Position 


15 h6 17 hehe ape] =~ open 


address 


5¢ [56565758 |s0fsape | <— (rexadecimay 


. HD44100H display 








(Shift left) 







(Shift right) 





Since the increase can be 8 digits x 2 lines for 
each additional HD44100H, up to 40 digits 2 
lines can be displayed by connecting three 
HD44100H’s externally. 


37 38 39 40 ~&— Display Position 


'4 hs heh be h9 ahel— abs ele7| = ORAM 


address 
ih (hexadecimal) 





HD44100H (1) display HD44100H (3) 

. display 

dots, 8 character patterns can be written and with 5 
x 10 dots, 4 characters can be written. 


Write the character codes in the left column of 
table 5 to display character patterns stored in CG 


Table 6 shows the relation between CG RAM 
addresses and data and display patterns. 


As table 6 shows, an area that is not used for 
display can be used as a general data RAM. 
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Modifying Character Patterns 
1. Character Pattern Development Procedure 


Hitachi User 
Computer 


processing : Determine 
character patterns 


Create character © 
pattern listing 
_ Create EPROM 
address data listing 


Evaluate character 


patterns 
; Write EPROM 


Mee Back to EPROM— 
start . Hitachi 
YES 


Art work 


Sample 
© 
Co 
YES 





Figure 5 Character Pattern Development Procedure 
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The numbers in figure 5 correspond to the 
following operations: 


® Determine the correspondence between charac- 
ter codes and character patterns. 


® Create a listing indicating the correspondence 
between EPROM addresses and data. 


@ Program character patterns in the EPROM. 
{a 


® Hitachi performs computer processing with the 
EPROM to create a character pattern listing and 
sends it to the user. 


If there is no problem in the character pattern 
listing, Hitachi creates a trial LSI and sends 
samples to the user. The user evaluates the 
samples. When it is confirmed that character 


patterns are correctly written, Hitachi starts 
mass production of the LSI. 


2. Programming Character Patterns 


This section explains the correspondence 
between addresses and data used to program 
character patterns in EPROM. The LCD-II/E20 
character generator ROM can generate 160 5 x 
70-dot character patterns and 32 5 x 10-dot 

character patterns for a total of 192 different 
character pattems. 


a. 5 x 7-dot Character Pattern 


For a 5 x 7-dot character pattern, EPROM 
address data and character pattern correspond 
with each other as shown below. Table 3 is an 
example of the correspondence between 
EPROM address data and character pattern (5 x 
7 sa | 


Table 3 ‘Exatiplo of Correspondence between EPROM Address Data and Character Pattern 


(5x7 oe 


EPROM address | Data 


Ai Ag|O4 O3 O2 O71 Oo] | 


0 
'@) 
1 
1 
0 
0 
1 
1 


Character code Line position 


(1) EPROM address A109 to A3 correspond to a 
character code. 


(2) EPROM addresses A2 to Ao saa a line 
position of character pattern. 


(3) EPROM data O04 to Oo eomenere to 
character pattern data. 





Fill line 8 (cursor position) 


| with 0 


(4) A lit display position (black) corresponds to 1. 


(5) Fill line 8 (cursor position) of character | 
pattern with 0. 


(6) EPROM data O5 to O7 are not used. 
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b. 5x 10-dot Character Pattern 


For a 5 x 10-dot character pattern, EPROM 

address data and character pattern correspond 

with each other as shown in table 4. 

(1) EPROM addresses A190 to A3 correspond to 
a character code. Set Ag and Ag of charac- 
ter pattern line 9 and later lines to 0. 

(2) EPROM addresses A2 to Ag specify a line 
position of character pattern. 

(3) EPROM data O4 to Oo correspond to 
character pattern data. 

(4) A lit display position (black) corresponds 
to 1 


(5) Fill line 11 (cursor position) of character 
pattern with 0. 
(6) EPROM data O¢5 to 07 are not used. 


. Handling Unused Character Patterns 


(1) EPROM data outside the character pattern 
area 
Ignored by the character generator ROM 
for display operation so it can be 0 or 1. 
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(2) EPROM data in CG RAM area 
Ignored by the character generator ROM 
for display operation so it can be 0 or 1. 

(3) EPROM data used when the user does not 
use any HD66702 character pattern — 
Handled in one of the two ways explained 
below. Select one of the two ways accord- 
ing to the user application. 

(a) When unused character patterns are not 
programed 
If an unused character code is written 
in the LCD-II/E20 DD RAM, all dots 
are lit. No programming for a character 
pattern is equivalent to all bits lit. (This 
is because EPROM is filled with 1s 
when the EPROM is erased.) 

(b) Program 0 for unused character 
patterns 
Nothing is displayed even if unused 
character codes are written in LCD- 
II/E20 DD RAM. (This is equivalent to 
space.) 


Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 


(5 x 10 dots) 


EPROM address Data 


0 0 
0 1 
1 0] 
114 
0 0 
04 
10 
11 


—_— Oo Oo 
o-~- © 


Character code Line position 





Fill line 11 (cursor position) 
with 0 
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Table 5 Correspondence between Character Codes and Character Pattern (Hitachi Standard HD66702) 


Higher : | 
Lower. pits | OOOO 0100} 0101 0111/1010] 1011 1101 1111 
4 bits | 
CG ‘i | za 
x x x x0000 his SF oa EA ES 


ms TE IGT FE 


3 § 
ol (3) © at foot ot ee Hil on ms! Ff 


0 : igce 


poocon| ASICS cs PFE Se 
ey Oe SS Ld SP 
pocvorof © Lele Meal = [tle 
peooono El ao 
pesow/ 1" [eal Sacer amt 
roel oT STAT EEE 

pecwvood | PALA PY 
coed = ERLE Tela elec lle! ] ¥ 
pone FE ICE ae 
xxxx1011 ie] fe ) “ell wet 

pevev @L3 FTLIRELL UE ele 
peceo [>] SIP Up Lona) ale 
pod 1s LAA Ra EERE Try | 
een eee : 


Note: The user can specify.any pattern for character-generator RAM. 
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Table 6 Relation between CG RAM Addresses and Character Codes (DD RAM) and Character 
Patterns (CG RAM Data) 


For 5 x 7 dot character patterns 


_ Higher Lower 
“Order Order 
Bits Bits 


Character 
Pattern 
Example (1) 


Cursor 
< Position 


Character 
Pattern 
Example (2) 


*No effect 





Notes: 1. Character code bits 0-2 correspond to CG RAM address bits 3—5 (3 bits: 8 types). 

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the cursor 
position and display is formed by logical OR with the cursor. 
Maintain the 8th line data, corresponding to the cursor display position, in the O state for cursor 
display. When the 8th line data is 1, bit 1 lights up regardless of cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure 
(bit 4 being at the left end). | 
Since CG RAM data bits 5-7 are not used for display, they can be used for the general data RAM. 

4. As shown in tables 3 and 4, CG RAM character patterns are sslected when character code bits 
4—7 are all 0. However, since character code bit 3 has no effect, the “R” display in the character 
pattern example is selected by character code “00” (hexadecimal) or “O08” (hexadecimal). 

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection. 
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_ Table 6 Relation between CG RAM Addresses and Character Codes (DD RAM) and Character 
Patterns (CG RAM Data) (Continued) 


For 5 x 10 dot character patterns 





Character Codes CG RAM Character Patterns 
DD RAM soatal pos (CG RAM Data) 





Ecker cae 
Order Order 
i Bits 



















00 0 
0.0 1 
0 1 0 
ae oe Character 
eae LO Pattern 
0000* 00 * 00:0 10 1 Example 
= (0 11.0 
10 11°71 
i1 000 
vd 00 1 Cursor 
110140 <« Position 
"4 O71 1 
“47°10 0] 
10 1 
110 
1141 
00 0 
00 1 
*No Effect 





Notes: 1. 
2. 


Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types). 

CG RAM address bits 0-3 designate character pattern line position. The 11th line is the 
cursor position and display is formed by logical OR with the cursor. 

Maintain the 11th line data corresponding to the cursor display position in the O state for 
cursor display. When the 17th line data is 1, bit 1 lights up regardless of cursor presence. 
Since the 12th-16th lines are not used for display, they can be used for general data RAM. 


. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 
. CG RAM character patterns are selected when character code bits 4-7 are all O. However, 


since character code bit O and 3 have no effect, “P” display in the character pattern example 
is selected by character codes “00”, “01”, “08” and “O09” (hexadecimal). 


5. 1 for CG RAM data corresponds to display selection and O to non-selection. 
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Timing Generation Circuit 


The timing generation circuit generates timing 
signals to operate internal circuits such as DD 
RAM, CG ROM, and CG RAM. RAM read timing 
needed for display and internal operation timing by 
MPU access are separately generated so they do 
not interfere with each other. Therefore, when 
writing data to the DD RAM, for example, there 
will be no undesirable influence, such as flickering, 
in areas Other than the display area. This circuit 
also generates timing signals to operate the 
externally connected driver LSI HD44100H. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
16 common signal drivers and 100 segment signal 
drivers. When character font and number of lines 
are selected by a program, the required common 
signal drivers automatically output drive 
waveforms, the other common signal drivers 
continue to output non-selection waveforms. 


The segment signal driver has essentially the same 
configuration as the driver LSI HD44100H. 
Character pattern data is sent serially through a 


AC6 ACS AC4 AC3 AC2 AC1 ACO 


og ko kee CREED 


In a 1-line display 
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100-bit shift register and latched when all needed 
data has arrived. The latched data controls the 
driver for generating drive waveform outputs. The 
serial data can be sent to HD44100H’s, externally 
connected in cascade, used for display digit 
number extension. 


Serial data send always starts at the display data 
character pattern corresponding to the last address 
of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66702 drives the head display. The rest 
displays, corresponding to latter addresses, are 
added with each additional HD44100H. 


Cursor/Blink Control Circuit 


The cursor/blink control circuit generates the 
cursor or blink. The cursor or the blink appear in 
the digit at the display data RAM (DD RAM) 
address set in the address counter (AC). 


When the address counter is (08)16, the cursor 
position is: 





Display 
(digit) 1 2 3 4 5 6 7 8 9 10 11 “© position 
[00] 01 | oz | os | of | 05 | 06 | o7 jg | oo fon] (= Panam 
Address 
(Hexadecimal) 
the cursor position 
In a 2-line display 
| | Display 
(digit) + Position 
: DD RAM 
1st | * 
on feleTel=T=[=[=l=Talal=L res 
2nd ling (Hexadecimal) 





the cursor position 


- Note: The cursor or blink appears when the address counter (AC) selects the character generator RAM 
(CG RAM). But the cursor and blink are meaningless. 
The cursor or blink is Gieplayed in the meaningless position when AC is a CG RAM address. 
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_ Interfacing To MPU 


In the HD66702, data can be sent in either two 4- 
bit operations or one 8-bit operations so it can 
interface to both 4- and 8-bit MPUs. 


1. When interface data is 4-bits long, data is - 


transferred using only 4 buslines: DB4—DB7. 
DBo—DB3 are not used. Data transfer between 
the HD66702 and the MPU completes when 4- 
bit data is transferred twice. Data of the higher 
order 4 bits (contents of DB4—DB7 when 
interface data is 8 bits long) is transferred first, 
then the lower order 4 bits (contents of 
DBo—DB3 when interface data is 8 bits long) is 
transferred. 


Check the busy flag after 4-bit data has been 

transferred twice (one instruction). Two 4-bit 
operations will then transfer the busy flag and 
address counter data. 


2. When interface data is 8 bits long, data is | 


transferred using the 8 data buslines DB9—DB7. 


~ Reset Function 


Initializing by Internal Reset Circuit 


The HD66702 automatically initializes (resets) 


when power is turned on using the internal reset 


circuit. The following instructions are executed 
during initialization. The busy flag (BF) is kept in 
busy state until initialization ends (BF = 1). The 
busy state is 10 ms after Voc rises to 4.5 V. 


1. Display clear 


2. Function set: 
DL = 1: 8-bit-long interface data 
N= 0: 1-line display 
F= 0: 5 x7 dot character font 


3. Display on/off control: 
~ D=0: Display off 
C= 0: Cursor off 
B= 0: Blink off 


4, Entry mode set: 
I/D= 1: +1 (increment) 
S= 0: No shift 


Note: When conditions in “Power Supply Con- 
ditions Using Internal Reset Circuit” are not 
met, the internal reset circuit will not 
operate normally and initialization will not 

_be performed. In this case initialize by 
MPU according to “Initializing by 
Instruction”. 


COD OO TODE 
ee 
2; CSXT ACE AC DISD OT 
08, MX TRS THO ED C2 ACD TE ID OF 


Instruction (IR) 


Busy Flag (BF) and 


| 


Data Register (DR) 
Write Address Counter (AC) Read 
Read 





Figure 6 4-Bit Data Transfer Example 
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Instructions 


Outline 


Only two HD66702 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to internal 
operation start, control information is temporarily 
stored in these registers, to allow interface from 
HD66702 internal operation to various types of 
MPUs that operate in different speeds or to allow 
interface to peripheral control ICs. HD66702 
internal operation is determined by signals sent 
from the MPU. These signals include register 


selection signals (RS), read/write signals (R/W) - 


and data bus signals (OB9—DB7), and are here 
called instructions. Table 7 shows the instructions 
and their execution time. Details are explained in 
subsequent sections. 


Instructions are of 4 types, those that, 

1. Designate HD66702 functions such as display 
format, data length, etc. 

2. Give internal RAM addresses 

3. Perform data transfer with internal RAM 

4. Others 


HD66702 LCD-IT/E20 


In normal use, category 3 instructions are used 
most frequently. However, automatic incrementing 
by +1 (or decrementing by—1) of HD66702 
internal RAM addresses after each data write 
lessens the MPU program load. The display shift 
especially can perform concurrently with display 
data write, enabling the user to develop systems in 
minimum time with maximum programing 
efficiency. For an explanation of the shift function 
in its relation to display, see table 12. 


When an instruction is executing during internal 
Operation, no instruction other than the busy 
flag/address read instruction will be executed. 


Because the busy flag is set to 1 while an 
instruction is being executed, check to make sure it 
is 1 before sending an instruction from the MPU. 


Note: Make sure the HD66702 is not in the busy 
state (BF = 0) before sending the 
instruction from the MPU to the HD66702. 
If the instruction is sent without checking 
the busy flag, the time between first and 
next instructions is much longer than the 
instruction time. See table 7 for a list of 
each instruction execution time. 
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Table 7 Instructions 


Execution Time 











Code 
(max) (when 
; fep or fose is 
Instruction RS R/W DB7 DBs DBs DB4 DB3 DB2 DB1 DBo Description 320 kHz) 
Clear Display 0 0O- O 0 oO 0 0 0 0 1 Clears entire display and 1.28ms 
7 sets DD RAM address 0 
in address counter. 
RetunHome 0 0 0 0 0 0 0 0 1 . Sets DD RAM addressO 1.28ms 
in address counter. Also 
returns display being 
shifted to original position. 
DD RAM contents remain 
unchanged. 
Entry Mode 0 O o oOo oO 0 0 1 VD § Sets cursor move direction 31 ps 
Set . and specifies shift of 
display. These operations 
are performed during data 
write and read. 
Display On/Off O 0 0 0 60 0 1 D C B Sets On/OFF of entire 31 ys 
Control : display (D), cursor ON/OFF 
(C), and blink of cursor . 
position character (B). 
Cursor or 0 Oo 0 oOo oO 1 SiC RA * z Moves cursor and shifis § 31 ps 
Display Shift display without changing 
DD RAM contents. 
Function Set 0 0 0 0 1 DL N F : Sets interface data length 31 ps 
(DL), number of display 
lines (L) and character 
font (F). 
Set CG RAM 0 O 0 1 ACG Sets CG RAM address. 31 ps 
Address CG RAM daia is sent and 
received after this setting. 
Set DD RAM 0 0 1 ADD Sets DD RAM address. 31 ps 
Address DD RAM dataissentand _ 
received after this setting. 
Read Busy 0 1 BF AC “Reads Busy flag (BF) O us 
Flag & Address indicating internal operation 
. is being performed and 
reads address counter 
contents. 
Write Data to 1 #O Write Data Writes dataintoDD RAM 314s 
CG or DD or CG RAM. taDD=4.7 ps (Note) 
RAM 
Read Datafrom 1 1 Read Data Reads data from DD 31 us 
CG or DD RAM 3 RAM or CG RAM. tadp=4.7 ps (Note) 
I/D = 1: Increment ‘DD RAM: Display data RAM Execution time 
I/D = 0: Decrement _CG RAM: Character changes when , 
S_ = 1: Accompanies display shift generator RAM frequency changes 
S/C = 1: Display shift Aca: CG RAM address Example: 
S/C = 0: Cursor move App: DD RAM address: When fcp or Fosc 
RAL = 1: Shift to the right Corresponds to cursor is 270 kHz: | 
R/L = 0: Shift to the left address . 
DL = 1:8 bits, DL = 0: 4 bits AC: Address counter used 31 psx 320-37 ps 
N =1:2lines, N =0: 1 line for both DD and CG 
F =1:5x10 dots, F = 0:5 x7 dots RAM address. 
BF = 1: Internally operating 
BF = 0: Can accept instruction 
“No effect : 
Note: After execution of a CG RAM/DD RAM data write or read instruction, the RAM address counter is increased or decreased 


by 1. The RAM address counter is updated after the busy flag turns off. In figure 7, tADD is the time elapsed after the busy 
flag turns off until the address counter is updated. | : 
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Busy signal Busy state ———»» 
(DB7 pin) y 


taDD depends on the operation frequency 
taDD = 1.5/(fos or fosc) seconds 


Address counter 
(DBo to DBé¢ pins) 





Figure 7 Address Counter Update 


Description of Details 


1. Clear Display 











RS R/W DB, DBo 
ewe [olojololojojejejoly 
Writes space code 20 (hexadecimal) (character other words, the display disappears and the 
pattern for character code 20 must be blank cursor or blink go to the left edge of the display 
pattern) into all DD RAM addresses. Sets DD (the first line if 2 lines are displayed). Set I/D = 
RAM address 0 in address counter. Returns 1 (increment mode) in entry mode. S of entry 
display to its original status if it was shifted. In mode doesn’t change. 
2. Return Home | 
RS R/W DB, DBo 
cm [oTofololofofofeo[ |=] | 
* Don’t care 
Sets the DD RAM address 0 in address counter. The cursor or blink go to the left edge of the 
Returns display to its original status if it was display (the first line if 2 lines are displayed). 
shifted. DD RAM contents do not change. 
3. Entry Mode Set 
RS R/W DB, DBo 
o« [felelel lf) pls 
T/D: Increments (I/D = 1) or decrements (I/D = 0) S: Shifts the entire display either to the right or 
the DD RAM address by 1 when a character to the left when S is 1; to the left when I/D = 
code is written into or read from the DD 1 and to the right when I/D = 0. 
RAM. 
Thus it looks as if the cursor stands still and 
The cursor or blink moves to the right when the display moves, The display does not shift 
incremented by 1 and to the left when when reading from the DD RAM when 
decremented by 1. The same applies to writing, into or reading out from the CG 
writing and reading of CG RAM. RAM causes a shift when S = 0. 
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4, Display On/Off Control 
RS R/W DB; DBo — 
we ceqetecete pet Pelee 
D: The display is on when D = 1 and off when The character indicated by the cursor blinks 
D = 0. When off due to D = 0, display data when B = 1 (Figure 8). The blink is displayed 
remains in the DD RAM. It can be displayed : by switching between all blank dots and 
instantly by setting D = 1. display characters at 320 ms intervals when 
a a ae fep or fosc = 320 kHz. The cursor and the . 
C: The cursor is displayed when C = 1 and is blink can be set to display simultaneously. 
not displayed when C = 0. Even if the cursor (The blink frequency changes according to 
disappears, the function of I/D, etc. does not the reciprocal of fep or fosc. 
change during display data write. The cursor 
is displayed using 5 dots in the 8th line when 320 x 320 = 379.2 ms when fep = 270 kHz.) 
‘the 5 x 7 dot character font is selected and 5 270 
dots in the 11th line when the 5 x 10 dot 
character font is selected (Figure 8). 
5. Cursor or Display Shift 


6. 
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RS R/W DB, DB 


aoe tka ee RB Gl cl hal 
* Don't care 


Shifts cursor position or display to the right or 


left without writing or reading display data 


(Table 8). This function is used to correct or 
search for the display. In a 2-line display, the 
cursor moves to the 2nd line when it passes the 
40th digit of the 1st line. Notice that the 1st and 
2nd line displays will shift at the same time. 


Function Set . 
RS R/W DB, 





When the displayed data is shifted repeatedly 
each line only moves hirizontally. The 2nd line 
display does not shift into the 1st line position. 


Address counter (AC) contents do not change if 
the only action performed is display shift. 


DBy 


oe [oyefo fo Tepe T [Te 
. * Don't care 


DL: Sets interface data length. Data is sent or When the 4 bit length is selected, data must be 
received in 8 bit lengths (DB7-DBo) when __ sent or received twice. _ 
DL = 1 and in 4 bit lengths epee N: Sets number of display lines. 
when DL = 0. F: Sets character font. — 


Note: Perform the function at the head of the program before executing any instructions (except “Busy 


flag/address read”). From this point, the function set instruction cannot be executed unless the 
interface data length is changed. 
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7. Set CG RAM Address — 





RS R/W DB, DBo 
pe Pees 
— Higher Lower 
Order Bits Order Bits 
Sets the CG RAM address binary AAAAAA Data is then written or read from the MPU for 


into the address counter. the CG RAM. 


~ 
Cursor 


5 x 7 dot character font 5 x 10 dot character font Alternating display 


Cursor Display Example Blink Display Example 





Figure 8 Cursor and Blink 
8. Set DD RAM Address | 











RS R/W DB, DBo 
Code 
a Higher Lower 
Order Bits Order Bits 
Sets the DD RAM address binary AAAAAAA However, when N = OQ (1-line display), 
into the address counter. AAAAAAA can be 00-4F (hexadecimal). 
| | When N = 1 (2-line display), AAAAAAA can 
Data is then written or read from the MPU for be 00-27 (hexadecimal) for the first line, and 
the DD RAM. 40-67 (hexadecimal) for the second line. 
9. Read Busy Flag and Address | 
RS R/W DB, DBo 
ae CROSS Se 
«— Higher Lower 
Order Bits Order Bits 
Reads the busy flag (BF) that indicates that the operation. At the same, the value of the address 
system is now internally operating on a counter expressed in binary as AAAAAAA is 
previously received instruction. BF = 1 indi- read out. The address counter is used by both 
cates that internal operation is in progress. The ‘CG and DD RAM addresses, and its value is 
next instruction will not accepted until BF is set determined by the previous instruction. Address 
to 0. Check the BF status before the next wire contents are the same as in items 7 and 8. 
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Table 8 Shift Function 


$/C R/L | | 
0 0 Shifts the cursor position to the left. (AC is decremented by one.) 
0 1 Shifts the cursor position to the right. (AC is incremented by one.) _ 
1 0 Shifts the entire display to the left. The cursor follows the display shift. 
1 1 


Shifts the entire display to the right. The cursor follows the display shift. 


Table 9 Function Set 


No. of | Character Duty 
N F_ Display Lines Font | Factor | Remarks 
0 0 1 oe 5 x 7 dots 1/8 
oO 41 1 5x10dots 1/11 7 | 
1 * 2  §x7dots 1/16 Cannot display 2 lines with 5 x 10 dot character font 
*Don't care | 


10. Write Data to CG or DD RAM 





RS R/W DH, - DBo 


« PP PPrr err] 


Higher Lower 
Order Bits . Order Bits 


Writes binary 8-bit data DDDDDDDD to the of CG RAM or DD RAM address setting. After 
CG or the DD RAM. write, the address is automatically incremented or 


decremented by 1 according to entry mode. The 


Whether the CG or DD RAM is to be written entry mode also determines display shift. 
into is determined by the previous specification 


11. Read Data from CG or DD RAM 


1006 


RS R/W DB, DBo 


ae OOOO e 


Higher | Lower 
Order Bits Order Bits 
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Reads binary 8-bit data DDDDDDDD from the 
CG or DD RAM. 


The previous designation determines whether 
the CG or DD RAM is to be read. Before 
ither th RA D RAM 


I ill inv riall 
in oom ress 
dara id tortially read oni the eecondvead The 


address set instruction need not be executed 
just before the read instruction when shifting 
the cursor by cursor shift instruction (when 
reading out DD RAM). The cursor shift 
instruction operation is the same as that of the 
DD RAM’s address set instruction. 


Connecting directly to the 8-bit MPU bus line 


HD6800 
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After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed no matter what the 
entry mode is. 


Note: The address counter (AC) is automatically 


incremented or decremented by 1 after write 
instructions to either CG RAM or DD 
RAM. RAM data selected by the AC cannot 
then be read out even if read instructions are 
executed. The conditions for correct data 
readout are: execute either the address set 
instruction or cursor shift instruction (only | 
with DD RAM), then just before reading out 
execute the “read” instruction from the 
second time the “read” instruction is sent. 


| COM, . 
COMi6 
HD66702 


Connected _ 
to LCD. 


Figure 11 8-Bit MPU Interface 


Example of intcrfacing to the HD6805 


HD6805 





Connected 
to LCD. 


Figure 12 HD6805 Interface 
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Example of interfacing to the HD6301 


P34 RS COM, — 
R/W COMie6 


HD66702 ates 

DBo ae DB, 

: SEG, ma 
SEGi00 





Figure 13 HD6301 Interface 


How To Use The HD66702 interface device. Input and output of the device 
, : is TTL compatible. | 


_ Interface to MPU 
| | In the example, PBo to PB7 are connected to 


1. Interface to 8-Bit MPU | the data buses DBg to DB7 and PAg to PA? are 
connected to E, R/W and RS respectively. 


When connecting to 8-bit MPU through PIA | 
en: Pay attention to the timing relation between E 


Figure 15 is an example of using a PIA or l/O and other signals when reading or writing data 
port (for single chip microcomputer) as an and using PIA as an interface. 


Instruction Busy Flag Busy Flag Busy Flag Instruction 
Write Check Check Check ~| Write 





Figure 14 Example of Busy Flag Check Timing Sequence 
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Connected 

to Liquid 
HD66702 Crystal 

Display 


SEG,- 


SEGi00 
DB,>— DB, 


HD68BO0: 8 bit CPU 





Figure 15 Example of Interface to HD68B00 Using PIA (HD68B21) 


2. Interface to 4-bit MPU Figure 17 shows an example of interface to the 
HMCS43C. 
The HD66702 can be connected to a 4-bit MPU 
through the 4-bit MPU I/O port. If the I/O port Note: that 2 cycles are needed for the busy flag 
has enough bits, data can be transferred in 8-bit check as well as the data trnsfer. 4-bit 
lengths, but if there are insufficient bits, the operation is selected by program. 
transfer is made in two operations of 4 bit each 
(with designation of interface data length for 4 
bits). In the latter case, the timing sequence 
becomes somewhat complex (See figure 16). 


Instruction Busy Flag | Busy Flag | instruction 


Write Check | Check Write 


IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 





Figure 16 An Example of 4-Bit Data Transfer Timing Sequence 
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COM es 
COMie6 | Connected 


HD66702 


to Liquid 
Crystal 
Display 
SEG, — 
SEGi00 





HMCS43C: Hitachi 4-bit single-chip microcontroller 





Figure 17 Example of Interface to the HMCS43C 


Interface to Liquid Crystal Display 1 line with 5 x 10 dots. Therefore, three types 
, "5 of common signals are available (Table 10). 


1. Character Font and Number of Li 
ee Page Number of line and font types can be selected 
The HD66702 can perform 2 types of display, 5 by program. (See Table 7, Instructions). 


x 7 dots and 5 x 10 dots character font, witha = 9 Connection to HD67702 and Liquid Crystal 
cursor on each. : 





Display 
_ Up to 2 lines are displayed with 5 x 7 dots and Figure 18 shows connection examples. 
Table 10 Common Signals 
Number of | Number of | Duty 
Lines _ Character Font Common Signals Factor 
1 5 x 7 dots + Cursor 8 1/8 
1 5 x 10 dots + Cursor 1 | 11 
2 | 5 x 7 dots + Cursor 16 1/16 
HITACHI 


1010 Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HD66702 LCD-II/E20 





Liquid Crystal 
Display Panel 
(20 characters 
x 1 line) 


~ Liquid Crystal 
Display Panel 
(20 characters 
x 1 line) 





(b) Example of 5 x 10 dot, 20 character x 1 line Display (1/4 Bias, 1/8 Duty Cycle) 


Figure 18 Liquid Crystal Display and Connections to HD66702 
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Since 5 SEG signal lines can display one digit, output non-selection waveforms. When the 


one HD66702 can display up to 20 digits for 1- liquid crystal display panel has unused extra — 
line display and 40 digits for 2-line display. — scanning lines, avoid undesirable influences 

due to crosstalk in the floating state by 
In Figure 19 examples (a) and (b), there are connecting the extra scanning lines to these 
unused common signal terminals, which always common signal terminals (Figure 20). 


=— 


COM, 


ee 


COMs 
COM, 


COMi6 
HD66702 


TTT et tet tt 97 
tT Dit ot te 


SEG: Liquid-Crystal 

; Display Panel 
(20 characters | 
x 2 lines) 


SEGi00 


(c) Example of 5 x 7 dot, 20 character x 2 lines Display (1/5 Bias, 1/16 Duty Cycle) 


5 x 7 dot, 20 character x 1 line Display (1/4 Bias, 1/8 Duty Cycle) 





Figure 20 Using COMg to Avoid Crosstalk on Unneeded Scanning Line 
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3. Connection of Changed Matrix Layout 


In the preceding examples, the number of lines 
matched the number of scanning lines. The 
display types Figure 21 are made possible by 
changing the matrix layout in the liquid crystal 
display panel. In either case, the only change is 


HD66702 LCD-II/E20 


the layout. Display characteristics and the 
number of liquid crystal display characters 
depend on the number of common signals (or 
duty factor). Note that the display data RAM 
(DD RAM) addresses for 10 characters x 2 


_ lines and 40 characters x 1 line are the same as 


shown in Figure 19. 


5 x 7 dot, 40 character x 1 line Display 
(1/5 Bias, 1/16 Duty Cycle) 


5x7 dot, 4 character x2 line Display 
(1/4 Bias, 1/8 Duty Cycle) 





Figure 21 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal must be changed according to duty factor. Table 
Display Drive | 11 shows the relation. 


Various voltage levels must be applied to VLCD gives the peak values for liquid crystal 
HD66702 terminals V1. to V5 to obtain liquid display drive waveforms. Resistance dividing 
crystal display drive waveforms. The voltages provides each voltage as shown in Figure 22. 


Table 11 Duty Factor and Power Supply for Liquid Crystal 


Display Drive 


Duty Factor 1/8, 1/11 1/16 
Power Supply _ Bias 1/4 1/5 
V1 7 Vee — 1/4 VLcpD Vcc — 1/5 VLcD 
V2 Vee - 1/2 Vicb Vcc — 2/5 VLCD 
V3 Vec — 1/2 VLCD Vcc — 3/5 VLcD 
V4 Vee — 3/4 VLcD Vcc — 4/5 VLcp 
V5 Vec - VLCD Vcc — VLCD 


Vec( +5 V) , Vec( +5 V) 


1/4 Bias 475 Bias 
(1/8, 1/11 Duty Cycle) (1/16 Duty Cycle) 





Figure 22 Drive Voltage Supply Example 
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Relation between Oscillation Frequency and Liquid 
Crystal Display Frame Frequency 


The examples in Figure 23 of liquid crystal display 


_ frame frequency apply only when oscillation 


frequency is 320 kHz (1 clock pulse = 3.125 ts). 


1. 1/8 Duty Cycle 


a 1 frame a 


1 frame = 3.125 (41s) x 400 x 8 = 10000 (1s) = 10 (ms) 
Frame frequency = 1  =100(Hz) 
10 (ms) 


2. 1/11 Duty Cycle 


P aa 400 clocks 


ie ONE ed eee 


peace 1 frame —_— 


1 frame = 3.125 (us) x 400 x 11 = 13750 (lis) = 13.75 (ms) 
Frame frequency = 1 = 72.7 (Hz) 
13.75 (ms) 


3. 1/16 Duty Cycle 


200 clocks 


ees 1 frame eee 


1 frame = 3.125 (Us) x 200 x 16 = 10000 (Us) = 10 (ms) 
Frame frequency= 1 = 100 (Hz) 
10 (ms) 


Figure 23 Frame Frequency 
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Connection with Driver LSI HD44100H 


- You can increase the number of display digits by 
externally connecting an HD44100H liquid crystal 
display driver LSI to the HD66702. When 
connected to the HD66702, the HD44100H is used 
as segment signal driver. The HD44100H can be 
connected to the HD66702 directly since it supplies 
CL}, CL2, M, and D signals and power for liquid 
crystal display drive. Figure 24 shows a connection 
example. 










COM,-COMi¢ 
(COM, —COMg) 


ra f 


SEG;—SEGios 


HD66702 


i Dot Matrix Liquid Crystal Display Panel 


HD44100H 





Caution: Connection of voltage supply terminals V1 
| through V¢ for liquid crystal display drive 
is complicated. The EXT pin must be 
fixed low if the HD44100H is connected 
to the HD66702. | 


Up to 8 HD44100H units can be connected for 1- 
line display (duty factor 1/8 or 1/11) and up to 3 
units for the 2-line display (duty factor 1/16). RAM 
size limits the HD66702 to a maximum of 80 
character display digits. The connection method in 
figure 22 remains unchanged for both i-iine and Z- 
line display or 5 x 7 and 5 x 10 dot character fonts. 





HD44100H HD44100H 


Figure 24 Example of Connecting HD44100H to HD66702 
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Instruction and Display Correspondence 


1. 8-bit operation, 20-digit x 1-line display (using 
internal reset) 


Table 12 shows an example of 8-bit x 1-line 
display in 8-bit operation. The HD66702 
functions must be set by function set instruction 
prior to display. Since the display data RAM can 
store data for 80 characters, as explained before, 
the RAM can be used for displays like a lighting 
board when combined with display shift 
operation. 


Since the display shift operation changes 
display position only and DD RAM contents 
remain unchanged, display data entered first 
can be output when the return home operation 
is performed. 


. 4-bit operation, 20-digit x 1-line display (using 
internal reset) 


The program must set functions prior to 4-bit 
operation. Table 13 shows an example. When 
power is turned on, 8-bit operation is 
automatically selected and the first write is 
performed as an 8-bit operation. Since nothing is 
connected to DBo—DB3, a rewrite is then 
required. However, since one operation is 
completed in two accesses of 4-bit operation, a 
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rewrite is needed as function (see table 13). Thus, 
DB4-—DB7 of the function set is written twice. 


. 8-bit operation, 20-digit x 2-line display 


For 2-line display, the cursor automatically — 


moves from the first to the second line after the 
40th digit of the 1st line has been written. Thus, 
if there are only 20 characters in the first line, 
the DD RAM address must again be set after 
the 20th character is completed. (See table 14). 
Note that the first and second lines of the 
display shift are performed. In the example, the 
display shift is performed when the cursor is on 
the second line. However, if the shift operation 
is performed when the cursor is on the first 
line, both the first and the second lines move 
together. When you repeat the shift, the display 
of the second line will not move to the first 
line, the same display will only move within 
each line many times. 


Note: When using the internal reset, the 


conditions in “Power Supply Condition 
Using Internal Reset Circuit” must be 
satisfied. If not, the LCD-II/E20 must be 
initialized by instruction. (As the internal 
reset does not function correctly in the 3-V 
LCD-II/E20, it must always be initialized 
by instruction.) See “Initializing by 
Instruction.” 
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Table 12 8-Bit Operation, 20-Digit 1-Line Display Example (Using Internal Reset) 


Step 

No. Instruction Display Operation 

1 Power Supply On (HD66780 is Initialized. No display appears. 
initialized by the internal reset circuit) 

2 Function Set Sets to 8-bit operation and selects 1- 
RS R/WDB 7 DBo line display and one of the three char- 


0000110 0 * 


3 Display On/Off Control 
000000 1 1 1 #0 


| 


We 


4 Entry Mode Set 
000000001 1 0 


5 Write Data to CG RAM/DD RAM 
1001001 0 0 0 


6 Write Data to CG RAM/DD RAM 
100 10 010 0 = 1 


COIN 


Write Data to CG RAM/DD RAM 
100100 1 0 0° 1 
9 Entry Mode Set | 
00000001 1 =41 
10 Write Data to CG RAM/DD RAM 
100 0 1 0 0 0 0 0 
11 Write Data to CG RAM/DD RAM 
10010031101 LACT Ml 


HITACHI _ 
HITACHI _ 


ITACHI: _ 


12 
13. +~Write Data to CG RAM/DD RAM 
1003100111 ~=41 
14 Cursor or Display Shift 
000003100 x 
15 Cursor or Display Shift 
000003100 * 
16 Write Data to CG RAM/DD RAM 
: 1001000011 
17 Cursor or Display Shift 
00000111 * 
18 Cursor or Display Shift 
00000101 *. 
19 Write Data to CG RAM/DD RAM 
1003100110 1 


MICROKO __ 
MICROKO 
MICROKO 
|CROCO 


M!ICROCO 


REece 


MICROCO__ 


|CROCOM__ 


20 


21 Return Home 
00000000 1 


io) 


HITACHI 


HITACHI 


| 
ae | 


acter. fonts. (Number of display lines 
and character font cannot be changed 
after this.) 


Turns on display and cursor. Entire 
display is on space mode 
initialization. . 
Sets mode to increment the address by 
one and to shift the cursor to the right 
at the time of write to the DD/CG 
RAM. Display is not shifted. 

Writes “H”. The DD RAM has already 
been selected by initialization when the 
power is turned on. 

The cursor is incremented by one and 
shifted to the right. 


Writes “I”. 


mane af 
clause Ui 


Writes “I”. 


Sets mode for display shift at the time 
of write. 


Writes space. 


Writes “M”. 


Writes “O”. 


Shifts only the cursor position to the 
left. 


Shifts only the cursor position to the 
left. 


Writes “C” (correction). 
The display moves to the left. . 


Shifts the display and cursor position to 


_ the right. 


Shifts only the cursor position to the 
right. 


Writes “M”. 


Returns both display and cursor to the 
original position (address 0). 
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Table 13 4-Bit Operation, 20-Digit 1-Line Display Example (Using Internal Reset) 


Step 
No. Instruction 
1 Power Supply On (HD66780 is 
initialized by the internal reset circuit) 
2 Function Set 
RS R/W DB7 - ° -DBa 
0 0 0 0 1 0 
3 Function Set 
0 0 0 0 1 0 
0 0 0) @) * * 


4 Display On/Off Control 
0 0 0 0 
6) 0 1 1 
5 Entry Mode Set 


0 0 0 oO oO °O 
0 0 oO 41 4 9 


- oO 
oO 


6 Write Data to CG RAM/DD RAM 
1 0 0 14 0 0 
1 0 41 0 0 0 


Display 


fates 
Pe sctaeeenete 


fe ae 


[H_ 


After this, control is the same as 8-bit operation. 


HITACHI 


Operation 
initialized. No display appears. 


Sets to 4-bit operation. | 
In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 
Sets to 4-bit operation and selects 1- 
line display and one of the three char- 
acter fonts. 4-bit operation starts from 
this point on and resetting is needed. 
(Number of display lines and character 
font cannot be changed after this.) 


Turns on display and cursor. Entire 
display is in space mode because of 
initialization. — 

Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM. Display is not shifted. 

Writes “H”. The DD RAM has already © 
been selected by initialization when the 
power is turned on. The cursor is in- 
cremented by one and shifted to the 
right. 





Hitachi America, Ltd. * Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 * (415) 589-8300 1019 











HD66702 LCD-Il/E20 


Table 14 8-Bit Operation, 20-Digit x 2-Line Display Example (Using Internal Reset) 
[No. | instruction 


Power supply on (HD66702 is intialized by the | 
internal reset circuit) 













Initalized. No display appears. 





Function Set Sets to 8-bit operation and selects 2- 


line display and 5 x 7 dot character 
font. 


Display On/Off Control | ines on display and cursor. All oe 

000000111 0 play is in space mode because o 
initialization. 

Sets mode to increment the address 

A Entry Mode Set |---| by one and to shift the cursor to the 

00 0 0 0 00 1 1 +0 : right, at the time of write, to the DD/ 


CG RAM. Display is not shifted. 
Write Data to CG RAM/DD RAM 
0 0 1 0 0 1 =O 


. Writes “H”. The DD RAM has already 















| been selected by initialization when 
shifted to the right. 


the power is turned on. 
rite Data to CG RAM/DD RAM HITACHI __ 
1 0 0 1 0 aac 


The cursor is incremented by one and 






et DD RAM Address HITACHI Sets RAM address so that the cursor is 
1 O O | Oo O positioned at the head of the 2nd line. 


rite Data to CG RAM/DD RAM HITACHI Writes “M”. 
10 0 1 1 iM 
Write Data to CG RAM/DD RAM HITACHI 
10010 0 1 1 1 = 1 MICROCO _ 









Sets mode for display shift at the time 
of write. 





ntry Mode Set 


HITACHI 
MICROCO__ 







Writes “M”. Display is shifted to the 

















Write Data to CG RAM/DD RAM ITACHI right. 
10 0 1 0 0 14 1 QO 1 | ICROCOM__ The first and second lines’ shift oper- 


ate at the same time. 











HITACHI | 
MICROCOM 


Return Home 
000000 0 0 1 0 


Returns both display and cursor to the 
original position (Address QO). 
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Initializing by Instruction 


If the power supply conditions for correctly 
operating the internal reset circuit are not met, 
initialization by instruction is required. Use the 
procedure in Figures 25 and 26 for initialization. 


1: 


Power on 


Wait more than 15 ms 
after Vcc rises to 4.5V 
























RS R/W DB; DBs DBs DB, DB; DB, DB, DBy 
000011 * * * * 





| BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 









Wait more than 4.1 ms 








RS R/W DB; DB, DB, DB, DB; DB, DB; DBy 
000011 * * * x 





| BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 









Wait for more than 100us 


RS R/W DB, DBs DB; DB, DB; DB, DB, DB 
000011 * * * * 










| BF cannot be checked before this instruction. 


_ Function set (Interface is 8 bits long.) 








BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting . . 
time between instructions is longer than the 

execution instruction time. (See table 7) 
















Function Set (Interface is 8 bits long. 

Specifiy the number of display lines and 
character font.) 

The number of display lines and character font 
cannot be changed afterwards. 





RS R/W DB; DB. DB; DB, DB; DB2 DB, DBo 
0 0 * x 
1 







0011 N F 








Display off 






Display clear 





Initialization ends Entry mode set 


Note: As the internal reset does not function correctly in the 3-V LCD-II/E20, it must be initialized by instruction. 


Figure 25 8-Bit Interface 
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2: 


Power on 


Wait more than 15 ms 
after Vcc rises to 4.5V 










BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


RS R/W DB, DB DBs DB, 
00001 1 


Wait more than 4.1 ms 


RS R/W DB; DBs DBs DB, 
0000 1 1 


Wait for more than 100us 


RS R/W DB; DB, DB; DB, 
00001 1 
























BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 













| BF cannot be checked before this instruction. 


Function set (Interface is 8 bits length.) 





BF can be checked after the following instruc- 
tions. When’ BF is not checked, the waiting 
time between instructions is:longer than the 
execution instruction time. (See table 7) 








RS R/W DB; DB, DBs DB, 
1 0 





© 


- Function Set (Set interface to be 4 bits long.) 








0 0 O 
S10 iD: et. Interface is 8 bits length. 
O ON F * * | 
00000 0 Function Set (interface is 4 bits long. Specify 
00100 0 the number of display lines and character font.) 
000000 The number of display lines and character font | 
000001 cannot be changed afterwards. 
000000 ae Z 
00011NMWSs isplay o 

Display clear 


Entry Mode Set 


Initialization ends 





Note: As the internal reset does not function correctly in the 3-V LCD-II/E20, it must be initialized by instruction. 


Figure 26 4-Bit Interface 
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